Development of Simple and Inexpensive Methods for the Analysis of Some Pesticides by Sharma, Rachna
DEVELOPMENT OF SIMPLE AND INEXPENSIVE 
METHODS FOR THE ANALYSIS OF 
SOME PESTICIDES 
SUMMARY 
Thesis submitted for the award of the degree of 
©Dttor of ^l^iloiSopIjp 
IN 
APPLIED CHEMISTRY 
BY 
^^y") RAEtiNA S-HARMA 
DEPARTMENT OF APPLIED CHEMISTRY 
Z. H. COLLEGE OF ENGINEERING AND TECHNOLOGY 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH (INDIA) 
1995 
SUMMARY: 1 
There is a growing use of pesticides in agriculture, 
forestry and public health. Chemical - crop protection is 
profit induced poisoning of the environment. Pesticides are 
carcinogenic and mutagenic so the indiscriminate and 
frequent use of pesticides has many adverse effects on the 
environment. Pesticides producing industries in India are 
also adding a high concentration of pesticides in 
environment by discharging their effluents. Several 
instrumental methods which are rapid and ultra sensitive and 
non-instrumental methods which are simple and inexpensive 
but not so sensitive are used for pesticides residues 
analysis. However, a single method cannot be used for each 
and every pesticide as well as for a particular pesticide in 
all the environmental samples so there is a need to modify 
the known methods and at the same time there is genuine 
interest to develop simple, sensitive, specific and 
inexpensive methods. 
In this thesis efforts are made to develop, the simple 
and inexpensive methods for the analysis of some pesticides. 
The results obtained are described in the following 
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Chapter 1 is the general introduction which gives an 
account of the importance of pesticides and their recently 
reported methods of analysis. 
Thin - layer chromatographic separations of 
carboxylic herbicides and plant growth regulators on 
silica gel and calcium sulphate are described in chapter 2. 
Separation, detection and quantit"ation of carbaryl are given 
in chapter 3. Chapter 4 deals with the sequential thin-layer 
chromatography of carbaryl and related compounds. 
Spectrophotometric. methods of determination of carbaryl in 
formulations are described in chapter 5. A novel spot test 
for carbaryl in environmental samples is described in 
chapter 6. 
Some of the important tables given in the thesis are 
discussed below. 
Table 1 summarizes the separations achieved on silica 
gel G/ coating in different solvent systems (Chapter 2). 
Table 2 shows the Re values of carbaryl and its related 
compounds on silica gel G coating (Chapter 3).Table 3 is a record of 
the sequential thin-layer chromatographic separations 
achieved on silica gel G coating with different solvent 
systems (Chapter 4)» Table 4 summarizes the results of 
detection of o(-naphthol and carbaryl by drop - spot test at 
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different temperatures using sulphanilic acid, 
8-hydroxyquinoling, and potassium hexacyanoferrate (III) as 
the chromagenic regents. 
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Table 1 : Separation achieved on silica gel GA coating in 
different solvent system. 
Compounds 
separated From 
S o l v e n t 
system 
2,4-D 
(2.8-8.3 cm) 
lAA 
(1) 
lAA 
(1) 
lAA 
(1) 
lAA 
(1) 
lAA 
(1) 
GA 
(1) 
GA 
(1) 
GA 
(1) 
K- NPA 
(1) 
0(-NPA 
(1) 
lAA (l),o(-NPA (1) and p NPA 
CPXA (0-6.5 cm), 2,4-D (0-5.5 cm), 
^ - NPXA (0-5.5 cm) and PXA (0-6 cm) 
CPXA (0-8.5 cm), 2, 4-D (0-7.5 cm), 
p-NPXA (0-7.5 cm.), PXA (0-8.5 cm), 
2,4,5-T (0-7.5 cm) and TCA (0-7 cm) 
CPXA (0-4.5 cm), 2,4-D (0-5 cm), 
p-NPXA (0-6 cm), PXA (0-8 cm) 
2,4, 5-T (0-5 cm)and TCA (0-3 cm) 
CPXA (0-6 cm), 2,4-D (0-5 cm), 
2,4,5-T (0-7cm) and TCA (0-4.5 cm) 
CPXA (0-4.5 cm), 2,4-D (0-4.5 cm) 
c<(-NPA(0-6cm), p-^ ]pxA(0-6 cm), 
2,4,5-T (0-4.5 cm), TCA (0-7 cm) 
and PXA (0-6.5 cm) 
CPXA (0-6.5 cm), 2,4-D (0-6.5 cm), 
p-NPXA (0-6 cm) and PXA (0-5.5 cm) 
CPXA (0-6.5 cm), 2,4-D (0-5 cm), 
B- NPXA (0-7.5 cm), PXA (0-7.5 cm), 
2,4,5-T (0-5 cm) and TCA (0-3 cm) 
CPXA (0-5.5 cm), 2,4-D (0-4.3 cm), 
p-NPXA (0-5.5 cm), 2,4,5-T (0-7.5 cm) 
and TCA (0-3 cm) 
CPXA (0-7 cm) 
CPXA (0-8.5 cm), 2,4-D (0-7 cm), 
p-NPXA (0-8 cm), PXA (0-7.5 cm) 
and 2,4,5-T (0-8.5 cm) 
ethanolic 
soap solution 
amyl alchoal 
ethanolic 
detergent 
solution 
ethanol 
2-propanol 
pyridine 
amyl 
alcohal 
ethanol 
2-propanol 
amyl 
alcohal 
1-butanol 
Table - 1 Continued 
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(1) 
o<- NPA 
(1) 
o(-NPA 
(3.5-7.5 cm) 
°<-NPA 
(1) 
CPXA (0-8.5 cm), 2,4-D (0-7.5 cm), 
p-NPXA (0-7.5 cm), PXA (0-7.5 cm)j 
2,4,5-T (0-8 cm) and TCA (0-6 cm) 
CPXA (0-6.5 cm), 2,4-D (0-6 cm) 
p-NPXA (0-4.5 cm), 2,4,5-T (0-5 cm), 
TCa. (0-7.5 cm) and PXA (0-6 cm) 
G\ (0) and TCA (0-2.5 cm) 
CPXA (0-5.5 cm), 2,4-D (0-5 cm), 
p-NPXA (0-6 cm), 2,4,5-T (0-7 cm) 
and TCA (0-5.5 cm) 
^hanolic 
detergent 
solution 
ethanol 
nitrobenzene 
2-propanol 
B-NPA 
(1) 
B-NPA 
(1) 
B-NPA 
(1) 
CPXA (0-7.5 cm), 2,4-D (0-7.5 cm), 
p-NPXA (0-8 cm), PXA (0-8.5 cm) 
and 2,4,5-T (0-8 cm) 
J3-NPXA (0-7.5 cm) 
CPXA (0-6 cm), 2,4-D (0-7 cm), 
TCA (0-7 cm) and PXA (0-7.5 cm) 
1-butanol 
ethanolic 
soap 
solution 
ethanolic 
detergent 
solution 
B-NPA 
(1) 
CPXA (0-5 cm), 2,4-D (0-7 cm), 
B-NPXA (0-4cm), PXA (0-6.5 cm), 
2,4,5-T (0-6 cm) and TCA (0-4 cm) 
ethanol 
B-NPA 
(1) 
CPXA (0-8.5 cm), 2,4-D (0-5 cm), 
B-NPXA (0-6 cm), 2,4,5-T (0-7.5 cm) 
and TCA (0-4 cm). 
2-propanol 
B-NPA 
(1) 
CPXA (0-5 cm), 2,4-D (0-4.5 cm), 
p-NPXA (0-5 cm), o(-NPA (0-6 cm), 
PXA (0-6.5 cm) and 2,4,5-T (0-5.5 cm) 
pyridine 
p-NPA 
(1) 
B-NPXA 
(0-7 cm) 
GA (1) and lAA (1) 
0(-NPA (1) and 2,4,5-T (1) 
distilled 
water 
amyl 
alcohal 
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T a b l e - 1 C o n t i n u e d 
TCA 
( 3 . 5 - 5 . 3 cm) 
TCA 
(1) 
o(- ]^PA ( 1 ) , B-NPA (1) and 
lAA (1) • 
o(- NPA ( 0 ) , B-NPA (0) and 
PXA (0) 
ethanol . ic 
soap 
s o l u t i o n 
d i s t i l l e d 
water 
A b b r e v i a t i o n s : 
lAA -
0(-NPA -
B-NPA -
CPXA -
B-NPXA -
2,4 - D - 2,4-dichlorophenoxy a c e t i c ac id 
indo le - 3 - a c e t i c ac id 
o^-naphthalene a c e t i c ac id 
B-nap>ithalenee a c e t i c ac id 
p - ch loro phenoxy a c e t i c a c i d 
R - naphthoxyacet ic ac id 
phenoxy a c e t i c ac id PXA -
2,4,5-T - 2,4,5 - trichloro phenoxyacetic acid 
TCA - trichloro acetic acid 
GA - gallic acid 
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Table - 2 : R^ : values of Carbaryl and its related compounds, 
^^ ~-^ ,,__^  Compounds 
Solvent "^"---^ ^^  
system "^^ .^^ ^^  , 
Acetone 
Acetonitrile 
Diethyl ether 
Ethanol 
Methanol 
Nitrobenzene 
Propanol 
Acetone: Benzene (1:10) 
Acetone: Benzene (1:4) 
Acetone; Benzene (10:1) 
Acetone: Benzene (4:1) 
Acetone: Chloroform (1:10) 
Acetone: Chloroform (1:4) 
Acetone: Chloroform (10:1) 
Acetone; Chloroform (4:1) 
Dioxane: Benzene (1:10) 
Dioxan: Benzene (1:4) 
Dioxane: Benzene (10:1) 
Dioxane: Benzene (4:1) 
Dioxane: Carbon tetrachloride 
(1:10) 
R^ values or migration 
Phenol 
1 
1 
1 
1 
0.75 
0.8 
1 
0.35 
-
1 
1 
1 
1 
1 
-
0.5 
0.8 
1 
-
0.45 
o^-Naphthol 
0.75 
1 
1 
0.8 
0.9 
0.8 
1 
0.6 
0.8 
0.65 
1 
0.8 
0.6 
1 
0.9 
0.6 
0.7 
1 
0.8 
0.15 
distances 
Carbaryl 
1 
1 
1 
0.9 
0.75 
0.7 
1 
0.25 
-
1 
1 
1.0 
1.0 
1 
1.0 
0.65 
0.6 
-
0.9 
0.35 
(Table - 2 Continued) 
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"^""^ "^ --^ .Qompounds 
Solvent ^^ '^ "^ ---^  
system ^ — „ . , ^ ^ 
Dioxane: Carbon tetrachloride (1:4) 
DioxanerCarbontetrachloride (10:1) 
Dioxane: Carbon tetrachloride (4:1) 
Dioxane: Chloroform (1:10) 
Dioxane: Chloroform (1:4) 
Dioxane: Chloroform (10:1) 
Dioxan: Chloroform (4:1) 
Ethyl acetate:Benzene (1:10) 
Ethyl acetate:Benzene (1:4) 
Ethyl acetate: Benzene (10:1) 
Ethyl acetate: Benzene (M;|^ 
Ethyl acetate:Carbon tetrachloride 
(1:10) 
Ethyl acehate:Carbon tetrachloride (1:4 
Ethyl acetate: Carbon tetrachloride 
(10:1) 
Ethyl acetate: Carbon tetrachlori.de 
(4:1) 
Ethyl acetate: Chloroform (1:10) 
Ethyl acetate: Chloroform (1:4) 
Ethyl acetate: Chloroform (10:1) 
^^ val 
^henol 
1 
1 
7-10 ( 
-
1 
1 
1 
1 
1 
1 
1 
0.15 
-
1 
1 
0.8 
1 
0.8 
ues or migration distances 
0^-Naphthol 
0.75 
1 
:xn 1 
0.8 
1 
1 
1 
0.6 
1 
1 
0.8 
0.15 
r-
0.9 
1 
1 
1 
1 
Carbaryl 
1 
1 
5-8 cm 
-
1 
1 
1 
0.9 
1 
1 
-
0.25 
0.8 
0.2 
1 
0.65 
0.8 
-
(Table - 2 Continued) 
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ilompounds 
Solvent 
system 
R^ values or migration distances 
Phenol 0^- Naphthol Carbaryl 
Ethy acetate: Chloroform (4:1) 
Ethyl acetate: Propanol (1:10) 
Ethyl acetate: Propanol (1:4) 
Ethyl acetate: Propanol (10:1) 
Ethyl acetate: Propanol (4:1) 
Propanol: Benzene (1:10) 
Propanol: Benzene (1:4) 
Propanol: Benzene (10:1) 
Propanol: Benzene (4:1) 
Propanol:Carbon tetrachloride (1:10) 
Propanol: Carbon tetrachloride (1:4) 
Propanol: Carbon tetrachloride (10:1) 
Propanol: Carbon tetrachloride (4:1) 
Propanol: Chloroform (1:10) 
Propanol:Chloroform (1:4) 
Propanol: Chloroform (10:1) 
Propanol: Chloroform (4:1) 
1 
1 
0.6 
1 
1 
0.9 
1.0 
0.8 
1.0 
1 
1 
1 
1 
1 
1 
1 
0.9 
1 
1 
1 
1 
1 
0.8 
0.8 
0.8 
1.0 
0.7 
1 
0.8 
1 
1 
1 
1 
0.9 
— 
-
0.7 
1 
1 
0.85 
0.8 
-
0.6 
0.6 
1 
1 
0.8 
0.8 
1 
1 
1 
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INTRODUCTION 
Pesticides are chemical substances (1-5) used to 
kill or control pests. They have become very popular with the 
grower or farmer and the home owner. To the grower or 
farmer, pests could include insects and mites that damage 
crops; aquatic plants that clog irrigation and drainage 
ditches; diseases of plants caused by fungi,, bacteria and 
viruses; nematodes, snails, and slugs; that feed on grain, 
gang plants and the bark of fruit trees; and birds that eat 
their weight every day in young plant seedling and grain from 
fields and feedlots as well as from storage. 
To the home owner, pest may include filthy, 
annoying and disease-transmitting flies, mosquitoes, and 
cockroaches; moths that eat woollens; beetles that feed on 
leather goods and infest package foods; slugs, snails, 
aphids, mites, beetles, caterpillars and bugs feeding on 
lavv'Hs, gardens and ornamentals, termites that nibble away at 
wooden buildings; diseases that mar and destroy plants, 
algae growing on the walls or clouding the water of swimming 
pools, slimes and mildews that grow on shower curtains and 
stalls and under the rims of sinks; rats and mice that leave 
their faecal pellets scattered around in exchange for the 
food they eat, dogs that designate their territons by 
urinating on shrubs and favourite flowers; alley cats that 
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howl and screech, at night; annoying birds that defecate on 
window ledges,' sidewalks, and statues of yesterday's 
forgotten heroes. 
The term pesticides is an all inclusive but 
nondescript word meaning "killer of pests". The various 
generic words ending in- icide (from the Latin cida, "to 
kill") are classes of pesticides, such as insecticides and 
herbicides. Table - 1.1 lists the various pesticides and 
other classes of chemical compounds ,not commonly—<2£)nsidered 
pesticides. However, because they fit rather practically as 
well as legallv into this umbrella word, pesticides, they 
are included. 
The elements used in the making or synthesis of 
pesticides are the following: arsenic, boron, bromine, 
cadmium, carbon,chlorine, copper, flourine, hydrogen, iron, 
lead, magnesium, managanese, mercury, nitrogen, oxygen, 
phosphorus, sodium, sulphur, tin, and zinc. 
For practical generalizations, essentially all of 
the pesticides are organic compounds, i.e, they contain 
carbon in their molecules. Only a few contain no carbon and 
are thus identified as inorganic compounds. 
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1.1 INORGANIC PESTICIDES 
1.1.1 Arsenic Compounds 
Pliny proposed the use of arsenic to kill insects 
as early as about 70 AD. Chinese used arsenic sulphide in the 
late sixteenth century. Certain inorganic compounds like 
lead arsenate and Paris green (copper arsenite and acetate) 
have been used as insecticides. The composition of common 
arsenicaJ.s are given in table 1.2. It was not realised at 
that time that arsenic pesticides could persist in soil upto 
forty years and they are highly toxic to all forms of life. 
1.1.2 Fluorine Compounds 
They are used as insecticides because of their high 
degree of insolubility in water. Generally sodium 
fluoro-silicate (NaoSiF^), calcium fluro-silicate (CaSiF^) 
and barium fluoro-silicate (BaSiF--) and cryolite are used in 
combating insects. ' 
1.1.3 Mercury Compounds 
Most of the compounds of mercury are highly toxic 
to all forms of life. Mercuric chloride, HgCl2j has been 
used as a seed disinfactant and to control fungi attacking 
certain species of fine grass. Calomel (Hg2Cl2) is also used 
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for similar purposes but the high toxicity of mercury to 
higher animals and plants has prevented its wide use. 
Now the organic mercurial compounds are very 
popular as seed disinfectants and they have proved even 
superior to copper sulphate. Organic mercurial compounds 
such as ethylmercuric chloride (Ceresan), ethylmercury 
phosphate (new improved ceresan), hydroxy mercurichlorphenol 
(Semesan), phenylmercury urea (Leytosan), ethylmercury 
p-toluene sulphanilide (Da Bay 1452-C) and sodium ethyl 
mercuric thiosalicylate (Methiolate) are also useful as 
insecticides. 
1.1.4 Copper Compounds 
Bordeaux mixture, basic copper sulphate (Burgundy 
Mixture), copper sulphate are useful as fungicides. 
1.1.5 Sulphur Compounds 
Lime sulphur is the sample of inorganic sulphur 
compound as a fungicides. Many organic sulphur compounds are 
used as pesticides. , -—•"— 
1.2 ORGANIC PESTICIDES 
The era of synthetic organic pesticides began 
around 1940. The commonly known insecticide DDT was 
originally synthesized in 1874 and rediscovered as an 
insecticide in 1939. DDT was soon followed by 
benzenehexachloride (BHC). Since then thousands of compounds 
have been synthesized and used in agricultural farms. The 
organic pesticides are broadly classified according to their 
chemical nature into the following seven principal types 
(table-1.3): 
1.2.1 Organochlories or Chlorinated Hydrocarbons;: 
DDT, BHC, endosulfan, aldrin, heptachlor, toxaphene, 
chlordane etc. are the pertinent examples of this type of 
pesticides. These pesticides are not biodegradable and are 
persistent in the environment for a long period. They are 
readily soluble in lipids and even a low concentration of 
these pesticides may accumulate in the body fat of mammals 
that might pose problems in the long run. Organochlorine 
pesticides have special significance in water as they are 
picked up by micro-organisms mainly unicellular 
micro-organisms like zoo plankton. Fish consume these 
micro-organisms and in this process pesticides residues enter 
the food chain. This process is known as Biomagnification. 
Organochlorine • ^ Aquatic —j>Zoo ^ Fish ^ 
pesticide system plankton Mammals and 
Birds 
Organochlorine pesticides such as DDT, BHC, HCH, aldrin, 
chlordane, heptachlor etc. persist in the soil for many 
years and even decades. 
1.2.2 Organophosphates or Phosphorus containing Pesticides 
They Include diazlnon, dimacron, dlmethoate, 
malathion, parathion and prothoate. They are sparingly 
soluble in water and biological fluids. They are highly 
toxic since they inhibt the activity of enzymes. 
1.2.3 Carbamates 
They include aldicarb, carbaryl, carbofuran etc. 
They are relatively soluble in water. Normally they do not 
accumulate in tissues and they are rapidly excreted when 
they are ingested, the widely used carbamate pesticides are 
isopropML - N-phenyl carbamate (IPC) and carbaryl 
(1-napthyl-N-methyl carbamate). 
1.2.4 Carboxylic Acid Derivatives 
They include TCA, dalapon, 2,3,6-TBA, dicamba, 
fenac, 2,4-D, 2,4,5-T, silvex and MCPA. They are considered 
as a potent source of environmental hazards, especially when 
their degradation products remain active in the environment 
after desired purpose is over. They are used as herbicides, 
both on agricultural land and in controlling weeds in 
non-productive areas such as roadsides and electrical 
transmission lines. Biologically, the phenoxyalkanoic acid 
compounds are not particularly stable. In soils they are 
fairly readily broken down. In the aquatic environment, the 
anaerobic micro-organisms which often predominate are not 
always effective in degrading these compounds. In aerobic 
situations, phenoxylkanoic acid derivatives do not seem to 
persist. 
1.2.5 Substituted Ureas: 
The substituted ureas such as monuron and diuron 
form another common class of biocides. They are primarily 
herbicides. Their solubility in water is generally low.. They 
do not present problems of persistence and accumulation due 
to their facile environmental reactions. They are moderately 
unstable. They fairly reeadily undergo dealkylation and 
dearylation. Therefore they are of local concern only in the 
area and period of application. 
1.2.6 Triazines: 
The triazines such as atrazine and simazine are 
used in large quantities as a pre-emergent herbicide in corn 
fields. Biologically dealkylation and substitution are the 
major routes of metabolic break-down. In soils, dealkylation 
appears to be the major route. There is a considerable 
persistence of the resulting products. (In aerobic aqueous 
systems, including moist substitution of a hydroxy! group 
for the chlorine atom precedes ring cleavage and complete 
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degradation. In an Cllvae.vobK aqueous systems, including moist 
substitution of a hydroxyl group for the chlorine atom preceedes 
ring cleavage and complete degradation). In an aerobic sediments, 
the break-down is likely to be slow. Hence triazines in the 
environment may be of concern. 
1.2.7 Pyrethroids: 
These are synthetic analogues of a plant- derived 
pesticide pyrethrum. The extract of pyrethrum flower was 
amongst the earliest known botanical which had been 
suggested for locust control around 400 B.C. in Persia. 
But the global people recognized their usage in 19th 
century and since then, they carried this plant to their 
countries from the native land, middle east. In the 
beginning of 20th century, Yugoslavia and Japan were the 
key producers. But soon after World War, their output 
declined and Kenya turned out to be a leader followed by 
Tasmania, Uganda, Congo, Ecuador and Japan in production. 
Chemically, the principal ingredients are the 
esters that comprised of an acid which has three carbon 
rings joined to an alcohol containing a five carbon 
ring. The acid present in the' compound is normally 
designated as I and II which means chrysanthemic acid 
and pyrethric acid respectively. 
Natural pyrethroids are very much successful in 
public health services for an indoor usage. Some of them 
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have been used against iices and flies in domestic as well 
as in public buildings. It is also evidenced to be of great 
use against mosquitoes, houseflies and other insects that 
spread diseases in animals including humans. The main plus 
point for considering them as ideal Is the low toxicity to 
man and other warm-blooded animals. But the minus point that 
limited their usage is the cost, i.e. several times more 
expensive than equally effective substitutes. Moreover, a 
careful handpicking of the flowers was not at all a 
profitable business specially in those countries where the 
cost of labour is high. Another barrier is the inadequate 
supply of pyrethrum. They can not be utilized in outdoors 
mainly due to rapid decomposition by light. 
The fact that these natural pyrethrins are 
extremely toxic at lower dosages to the insects and are 
less persistent and are having a quick break down effect, 
had brought man to think about their synthetic analogues. 
The first synthetic pyrethroid was made in 1949. 
The name was 'Allenthrin' which was comprised of a synthetic 
alcohol attached with a chrysanthemic acid. Its toxicity 
was similar to that of natural pyrethrins but possessed a 
much weaker knock-down effect. Now-a-days, Casper, Banish, 
Night-Queen, etc. are the various trade names for selling 
this allenthrin as a mosquito repellant in our country. 
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Quite often, allenthrin was improved by adding a synergist 
like piperonylbutoxide. This increases the toxicity of such 
compounds. 
Permethrin, cypermethrin, deltamethrin and 
fenvalerate are some of the examples of synthetic 
pyrethroids. 
1.2.8. Azadirachtin-A 
A nev7, environment-friendly insect control agent, 
azadirachtin-A, has been extracted from the neem tree. This 
chemical inhibits, some 200 insect species, and a prime 
candidate source of plant-based insecticides. Although 
azardirachtin-A was first isolated from neem tree in the 
1960s, researchers have never really understood its detailed 
physical structure and the mechanism by which it attacks 
insects. 
E.y producing crystals of azadirachtin-A, the Indian 
scientists (the Spic Science Foundation (SSF) and Madras 
University) have paved the way for further studies of its 
structure, aimed at gaining better insight into the 
remarkable anti-insect activity of the chemical. 
1.2.9. Others: 
They include thiocyanates, dinitrophenols, 
formamide, organometallics etc. Thiocyanates have creosote 
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like odour and are relatively safe to use around humans and 
animals and give astonishing quick breakdown of flying 
insects. They interfere with cellular respiration and 
metabolism. They are used around horses and other farm 
animals. The dinitrophenols have been used as ovicides, 
insecticides, acaricides, herbicides, fungicides and'~blossom 
-thinning agents. They are quite toxic and their use 
resulted in several widely publicised deaths. The 
formamidines comprise a very new, small but promising group 
of insecticides. Two examples are chlorodimeform and 
amitraz. They are used in the control of organophosphate and 
carbamate-resistant pests. Their mode of action is the 
inhibition of an enzyme, monoamine oxidase. The mode of 
action of organotins is beleived to be the inhibition of 
oxidative phosphorylation at the site of dinitrophenol 
uncoupling. This inhibition reduces substantially and in the 
case of mites, fatally, the availability of energy in the 
form of adenosine triphosphate (ATP). The trialkyl tins also 
inhibit photophosphorylation in chloroplasts and can thus 
serve as algicides. 
1.3. DEGRADATION OF PESTICIDES: 
A knowledge of degradation mechanisms (1) of 
pesticides is one of the most important aspects for 
understanding the fate of pesticides in the environment. The 
new chemical compounds which are formed by degradation may 
be less or more toxic than the parent compound. 
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The processes that actually play important roles in 
degrading the pesticides, are the ones mediated by 
micro-organisms, animals, plants and sunlight. Other 
factors, such as pH, heat, catalytic agents in the soil and 
soil enzymes, also play important roles in degrading 
relatively unstable pesticides. Important chemical reactions 
that take part include, oxidation, reduction, hydrolysis, 
isomerization, internal cyclization and elimination. 
1.3.1 Microbial Degradation of Pesticides: 
Pesticides are either used in agriculture or in 
public health. Soil is the ultimate sink of pesticides. In 
environment pesticides are acted upon by a combination of 
inter-related physico-chemical factors and microorganism. 
Physicochemical transformations lead to incomplete 
degradation with the formation of products that continue to 
pose bioaccumulation threat. Pesticides are completely 
degraded by organisms, the role of some of which is now well 
established. Bacteria, fungi, actinomycetes, yeasts and 
algae derived from soil and water have been shown to degrade 
pesticides (table-1.4). 
Organochlorine pesticides are more persistant (half 
life varies from 0.5-4 years) while organophosphate and 
carbamates are broken down rapidly. The degradation of 
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parathion has been studied in rice growing fields under 
flooded conditions and organisms capable of transforming 
their compounds have been isolated. The nitro group of the 
insecticide is reduced in the initial applications but 
during subsequent applications, the pathway changes to 
hydrolysis. The flavo bacterium group isolated from rice 
fields of Orissa has to be studied more intensively. Rapid 
degradation of gamma BHC has also been reported to occur in 
alluvial laterite soils under submerged puddled paddy cells. 
Pseudomonas and Achromobacter species have been isolated 
from soil and shown to degrade 2-isopropoxy phenyl-N-methyl 
carbamate. Achromobacter species have also been shown to 
degrade 2,4-dichlorophenoxy-acetic acid (2,4-D) into 
chlorine, carbon .dioxide and water through hydroxylation 
followed by ring cleavage. Factors such as moisture, 
temperature, organic matter, fertilizers and surfactants are 
known to effect the biodegradation of pesticides in soil. 
Considering the variety of soils, crops cultivated 
and climate conditions, very little work has been done in 
India to identify microorganisms possessing diverse 
properties or to utilize them in the biotechnology of 
pollution control. It is reported now and then "that fish 
died presumably due to contamination of lakes, tanks and 
rivers by effluents from pesticides processing factories. 
There is a considerable scope to develop appropriate 
technologies for effluent treatment by harnessing the 
biochemical activity of soil and sewage microbes. 
1.3.2 Degradation and Disposal of Pesticides by Plants: 
Pesticides come in contact with plants either by 
direct application in pest control or by uptake from soil. 
Horticultural crops, including ornamental flowers are 
sprayed directly. It has become an established practice in 
India.. Different types of pesticides have been recovered 
from apples, mangoes, cherries, grapes, bananas, 
cauliflowers, tomatoes and other vegetables and also from 
cash crops such as sugarcane, cotton, tea etc. 
Cyclodiene insecticides are readily translocated in 
plants. Some of the members of this group' are rendered more 
toxic by biotransformation within the plant. Spinach is 
known to convert parathion to paraoxon which is thrice as 
toxic as the parent compound. Dechlorination dealkylation 
(possibly converting an innocuous compound to a carcinogen 
or procarcinogen) as well as conjugation reactions have been 
detected in plants. Plants can also degrade pesticides by 
stepwise reactions making a highly toxic insecticide such 
as disulfoton to disulfon sulfone, reducing the toxicity by 
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an order or two. Examples of biotransformation reactions 
mediated by plants in conjugation with soil bacteria are 
given in figure 1.1. 
1.3.3 Degradation by Sunlight: 
Sunlight, particularly the ultraviolet portion of 
sunlight appears to make the most significant contribution to 
influence the degradation of pesticides. One of the most 
important factors affecting the rate of sunlight 
degradation of pesticide is ' the presence of 
photosensitizers. 
The following conversion reactions: aldrin to caged 
photoaldrin, dieldrin to photodieldrin, heptachlor to 
dichloroheptachor, 2,4-D in aqueous solutions to 
1,2,4-benzenetriol, N-methylphenyl carbamates such as 
carbaryl to naphthol and DDT to its dimer gre some of the 
examples of photochemical degradations (Fig.1.2). 
1.4 PERSISTENCE OF PESTICIDES: 
The persistence of organochlorine pesticides like 
DDT, BHC, chlordane, heptachlor etc. in the ecosystem is 
well documented , They are not biodegradable and persistent in 
the environment for years. Other pesticides are less 
persistent. 
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The impact of pesticides on the environment is 
based on their following properties. 
1. tendency to vaporise 
2. tendency to dissolve in water and other solvents 
3. resistance to various degradation processes i.e. 
they are not easily biodegradable. 
1.5 HEALTH HAZARDS ASSOSIATED WITH EXTENSIVE USE OF PESTICIDES: 
Pesticides are considered as a potent source of 
environment hazards, especially when their degradation 
products remain active in the environment (Table 1.5). Man 
and animals are exposed to these chemicals during 
manufacture, distribution, application, consumption of food 
contaminated with them or through ecological distribution. 
Pesticides are considered as a potent source of environment 
hazards especially when their degradation products remain in 
the environment (table 1.5). The known or suspected modes of 
action of pesticides (6) include inhibition of photo 
synthesis, oxidative phosphorylation, partothenate 
systhesis, chlorophyll synthesis and substitution by harmone 
analogues in plants and inhibition of acetylcholinesterase 
and the neuromuscular junction, and neurotoxication in 
animals. 
Approximately 2000 genetic diseases are known in 
man and any increase in the mutation rate may boost this 
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statistics. Carcinogens are cancer-inducing agents and 
teratogens produce congenital malformations in the embryo. 
Teratogenic effects persist for the life time of the 
individual and tragically, these victims have no role in 
their induction. A high correlation exists among 
carcinogens, teratogens and mutagens and therefore, a 
positive mutagenic response by a pesticide may reflect on 
its potential health hazardous nature. Thus, a large number 
of pesticides have been screened for genotoxicity (table 1.6) 
The available dato/ on mutagenicity, carcinogenicity 
and teratogenicity of various chemicals are subjected to 
evaluation by various interntional agencies, namely 
International Programme on Chemical Safety (IPCS), World 
Health Organization (WHO), International Agency for Research 
on Cancer (lARC), International Registry on Profile of Toxic 
Chemicals (IRPTC), United Nations Environmental Programme 
(UNEP) and publications like the Environmental Health 
Criteria (EHC) series are brought out periodically. 
According to these, more than 50 carbamates (excluding ditho 
carbamates and thiocarbamates) are known but only a few have 
been tested for mutagenicity. In general, methyl carbamates 
are negative in mammalian tests. Benzimidazole (B) 
derivatives, like benomyl and carbandazine, are positive 
weak mutagens as B, moiety may act as a base-analogue of DNA 
and also a spindle poison. Certain carbamates induce 
teratogenicity at high doses when given by stomach tube and 
not when given in diet. B-derivatives have shown positive or 
equivocal results for carcenogenicity. However, the probable 
conversion of carbamates to their nitrosated derivatives 
point to their mutagenic and carcinogenic tendencies. 
In addition to carbamates, more - than 100 
organophosphorus (OP) compounds are known but only the 
insecticidal and some herbicidal compounds have been 
evaluated. OPs , are weak mutagens and are generally 
teratogenic at doses that are toxic to the mothers. Some OPs 
have also show limited evidence for carcinogenicity. 
For other pesticides and chemical groups, data 
evaluation for health assessment has not been conducted. 
Some compounds teratogenic in various species are recorded 
in table 1.7. About 45 pesticides have been evaluated by 
various agencies with special reference to carcinogenicity 
(Table 1.8). 
The relation between mutagenicity, carcinogenicity, 
and teratogenicity is not coincidental. Active electrophiles 
can cause point mutations in bacteria and malformed 
offspring in the animals. A large fraction of mutagenic 
compounds are carcinogens and teratogens. Hence, any 
19 
compound capable of damaging the DNA could cause 
malformations under proper conditions of exposure and 
metabolism. Therefore, a compound positive in the basic 
screening tests for mutagenicity, should be considered a 
potential teratogen and carcinogen. The pesticides screened 
for genotoxicity are recorded in Table 1.9. 
Rachel Carson (7) startled the world some 30 years 
ago with dire warning about pesticides in his landmark book 
"Silent Spring" predicted massive destruction of the planets 
fragile ecosystem. 
Rachel Carson's observations created a worldwide 
concern regarding the damage of wildlife and vegetation due 
to uncontrolled use of insecticides. In retrospect the 
publication of a book such as "Silent Spring" was 
inevitable. 
David Bull and his co-authors- (8), in a well 
documented book "A Growing Problem - Pesticides and the 
third World Poor" have discussed many aspects of the problem 
"The Growing Agrochemicals Hazards". The findings of the 
authors deserve the utmost attention of planners, 
academicians, bureaucrates, manufacturers, dealers, public 
health officials, voluntary agencies for rural development, 
farms, service . societies, communicators, medium 
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agriculturists and home gardners. About 10,000 people die of 
pesticide poisoning every year in the third world according 
to the report of International Development Research Centre 
(IDRC). There are about 7,50,000' cases of pesticide 
poisoning all over the v^ 7orld annually resulting in about 
14,000 deaths of these roughly 3,75,000 cases occur in the 
third world claiming some 10,000 lives in the countries 
where medical treatents and antidotes were available. 
Pesticides have overtaken endemic diseases as a cause of 
death in many third world countires and it is becoming the 
most pervasive occupational hazard in the developing 
nations. These figures refer only to acute poisoning where 
death or sickness occurs rapidly after exposure over a short 
period and do not include long term effects such as cancer, 
sterility, birth defects and disability in general. 
1.5.1 The routes of pesticides transformation are-
1.5.1.1 Surface run off and sediment transport from treated soil 
1.5.1.2 Industrial wastes from pesticides factories 
1.5.1.3 Residues in agricultural and horticultural products and 
wastes 
1.5.1.4 Air drift of chemicals 
1.5.1.5 Accidental spillage 
1.5.1.6 Evaporation from soil and plants. 
1.5.2 Some Gloomy Aspects 
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1.5.2.1 Pesticides doing more harm than good: Pesticides every year 
destroy a very large number of honeybees and useful insects 
which bring about pollination in various fruits, vegetables 
and other crops that make up one third of our diet besides 
providing us honey. 
1.5.2.2 Birds behaviour becomes erratic, irregular: valuable species 
of fish eating birds,mammals and other essential species are 
disappearing at an alarming rate due to pesticide poisoning. 
1.5.2.3 Pesticids a big killar in the third world: Approximately 
3,80,000 cases of human poisonig occur in developing 
countries every year with 10,000 deaths due to pesticide 
poisoning. 
1.5.3 DDT in Food Chain: 
DD'I' is a persistent chemical. Once introduced into 
the environment it keeps on circulating for many years. It 
is interesting to note tlie manner in which DDT accumulates 
in the food chain. Plankton in river, sea water contains 
about 0.04 ppm. of DDT. The clams that consume plankton 
concentrate it ten times, i.e. they contain about 0.4 ppm of 
DDT. From clams, to fish which feed on the clams, to fish 
eating birds, the DDT level rises from 0.4 to 2.1 ppm and 
upto 75.5 ppm (Fig. 1.3). It is a well known fact that many 
species of hunting birds particularly those having high 
levels of DDT are threatened with extinction. The fresh 
water periiiissibl.e limits of some pesticides are given in 
tabic- 1.1.0 
In India the chemical-plant-protection is 
performed by uneducated/untrained persons so the 
unacceptable-excessive-levels of pesticides in food stuffs 
are found. A few examples of indiscriminate use of pesticids 
are given below: 
Survey of pesticides residues of market samples of 
different food stuffs in India showed that DDT contamination 
was around 9.11%. According to a recent report, the use of 
pesticides on crops and vegetables appears to be excessive, 
uncontrolled and without consideration for the health of 
consumers. Vegetable growers spray pesticides 
indiscriminately not only during the growth of vegetables 
but also at the picking time of fruits. Almost all the 
samples of edible grains analysed so far showed appreciable 
pesticidal contamination. According to an estimate, an 
average Indian diet contains about 0.27 mg of DDT. 
1.6 BANNING OF PESTICIDES: 
In U.S.A. chlorinated hydrocarbons, chlordane, DDT, 
toxaphenc and heptachlor pesticides were banned. Certain 
pesticides which have been totally banned or restricted in 
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use in many developed countries, continue to be used freely 
and often indiscriminately in most of the developing 
countries. 
Realising the pernicious effects of pesticides, 
steps were taken all over the world to curb this malaise. 
The use of DDT was banned in U.S.A.. in 1972, it is 
nevertheless still produced and exported to many of the 
developing countries, where no lav\7S govern its use. Other 
chemicals designated as highly toxic by WHO and banned by 
the western countries are BHC, lindane,methyl parathion and 
heptachlor. More chemicals like dibromochloropropane (DBCP), 
ferriamicide and ethylene dibromide have been banned in 
U.S.A. and certain other western countries. Tremendous 
public awareness, of hazards due to pesticides plays a more 
important role in enforcement than in legislation. 
In our country imported DDT was used for malaria 
control and BHC was used for locust control in 1948 for the 
first time. In India production of pesticides began with the 
establishment of a DDT and BHC plant in 1954. By 1958 India 
was manufacturing five basic pesticides for a total 
production of over 5000 MT. Thereafter the industry has had 
steady progress reaching the production volume of about 
60,000 Ml' per annum in the mid-eighties. Today India is the 
largest manufacturer of basic pesticide chemicals among the 
South Asian and African countries next to Japan. The 
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pesticide industry in India grow rapidly during 1966-77. The 
total installed capacity increased from 6600 MT to 61000 MT 
in 77-79 i.e. about 10 fold increase. Today the installed 
capacity stands at approximately 1,2^,000 MT. 
1.7 NEEDS FOR INTERNATIONAL CO-OPERATION: 
Environmental poisoning due to the increasing use 
of pesticides is alarming as it threats the ecology 
virtually all over the world* The ecology undermines the 
support systems on which human activity depends and 
eventualy manifests itself as a threat to economic well 
being. "Toxic clouds" carrying hazardous substances can 
transverse the entire globe before dispersing or falling 
down to eath. DDT sprayed in central America is known to 
have contaminated the upper great lakes and the pesticides 
return in imported agricultural produce. Similarly 
insecticides from Asia and Southern Europe are found in 
Arctic and Antarctic waters (Source; State of the World, 
1989, WorldWatch Institute's publication). Therefore, 
Environmental Chemical Poisoning control depends critically 
on international co-ordination and co-operation. A policy to 
compromise betweeeen human welfare and pesticide hazards has 
to be evolved. 
1.8 NEED FOR INTEGRATED APPROACH: 
Pesticide hazards could safely be avoided or 
minimized by the judicious use of pesticides. A lot of 
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cautious approach is required for proper rrianagemnt of 
pesticides, 'i'lie pesticides should be used only when required 
and such usage should be in suitable proportion. When a 
pesticide is not being able to control insect pests, it must 
be replaced by some other pesticide which has a different 
mode of action. This can only be done with the help of 
entomologists. Synergists should be given preference 
wherever feasible. Integrat.(Sd pest management to be 
developed, which may Involve the use of biological methods 
rather than depending solely on chemical methods in the 
protection of crops assumes great importance. Use of 
resistant varieties and predators, agricultural practices 
like rotation of crops clean cultivation, water management 
etc. and application of chemicals only when the pests and 
disease incidence goes beyond the threshold level value 
(TLV) are the important aspects of pest management. 
Pesticides contents could be reduced only by regulating the 
use of pesticides and going in for more biodegradable 
pesticides or fertilizers. More research and development 
should be extended to develop environment friendly products 
and biodegradable products of less hazards of pesticides. 
Other sorts of control schedules specially agricultural 
practices like burning or destroyig of infested crops should 
be practised whenever possible. It is time to think, plan 
and act ecologically. 
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1.9 ANALYSIS OF PESTICIDES: 
The pesticide residue analyst's main task is the 
identification and estimation of pesticides residues and this 
presents many problems. The complexity of this problem can 
be gauged by considering the degradation of malathion 
(figure 1.4). Therefore, an environmental sample initially 
treated with malathion may contain all the metabolites shown 
in figure 1.4 and it is necessary to analyse for them as 
well. As the polarity of the metabolites differs from those 
of the parent material, extraction and clean up may have to 
be modified to avoid losses during these procedures. 
Several methods for the detection and determination 
of the pesticides residues in directly treated crops and 
animals and also in crops subsequently grown in the same 
area, animal produce (domestic and wild) and in man himself 
have been reported. I'hese analyses need to be carried out on 
a variety of commodities, each with its own extraction and 
clean-up problems, and the most efficient must be used 
because the quantity as well as the identity of any residue 
present is usually required. ''he analysis is often 
complicated by chemical changes undergone by pesticides when 
absorbed into living tissues, adsorbed into the soil, or 
exposed to ultraviolet light or sunlight. These changes 
often produce compounds which are more toxic than the 
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original pesticides and analyst has to determine the rate of 
the breakdown, the nature and quantity of these metabolites 
and end-products, as well as the pesticides residues. The 
pesticides residues analysis involves the following stages. 
1.9.1 The extraction of the residue from the simple matrix using 
an efficient and selective solvent. 
1.9.2 The clean-up for the removal of interfering substances. This 
often involves either chromatography, or solvent partition. 
1.9.3 ilie determination of pesticides residues, together with 
metabolites and breakdown products, in the cleaned-up 
extract. 
1.9.4 The confirmation of the presence of the residue using a 
different nietliod or the formation and identification of a 
derivative. 'I'he following methods of analysis are used. 
1.9.1.1 Spot Test Methods: 
Spot tests are extremely useful for the preliminary 
(Tiaracterization of a test material. I'he tests are simple, 
sensitive, selective and rapid and can be applied directly 
(solution phase) or indirectly (vapour phase). Therefore 
differet characteristics of the tesL materials under proper 
set of conditions have been utilized in order to bring the 
sensitivity, selectivity and specificity of particular test 
to a maximum. 
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Rathore et al. (9) have developed a simple, 
inexpensive and sensitive spot test for the detection of 
trace levels of organophosphorus insecticides such as 
malathion, forinothion, thiometon, dichlorvos, methyl 
parathion, dimethoate and phosphomidon in water, soil and 
citrus leaves. Benzene solutions of p-dimethyl-aminobenzald-
ehyde and trichloroacetic acid have been used together as 
the detection reagent. 
Two specific spray reagents (a) VL m/v cupric 
chloride followed by 0.1% m/v ammonium metavanadate and 
(b) 0.57o m/v potassium hexacynof errate (III) in 0.57o m/v 
sodium hydroxide for the detection of carbaryl by thin-layer 
chromatography were reported. The former reagent has 
relatively higher sesitivity for the breakdown products of 
carbaryl, o^-naphthol whereas the latter has the same 
sensitivity for both carbaryl and 'X-naphthol (1/ug) (10). A 
new sensitive, selective and simple spot test named as 
Drop-spot test has been developed for the detection of 
carbaryl residues in traces present in environmental sample 
such as soils, sediments and cereals (11). A dropper 
containing 1-2 drops of the reagents is used as detector 
which j)roduces colour with the vapours of carbaryl residues. 
Sulphanilic acid-sodium nitrite — sodium hydroxide; 
8-liydroxyquinoline and alkaline hexacyanof errate (III) 
solutions were used as the reagents. 
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A paper sopt test for the detection and 
semi-quantitative . determination of carbaryl present in 
natural water at ppm level has been developed by Rathore and 
Saxena (12). In this test a chromatographic paper 
impregnated with sodium hydroxide when spotted with a 
carbaryl solution and dipped in 2,6-dichloroquinone-
4-chloroimine (Gibbs reagent) in benzene turns blue with 
a violet tinge. A simple and inexpensive spot test for the 
detection of organic pollutants present in water has been 
reported by Qureshi et al (13). Citric acid impregnated 
paper in the presence of acetic anhydride has been used as 
the reagent. The limit of detection for the pesticide: 
amitrol, azobenzene, bavistin and calixin is 0.04, 40, 2, 
and 3.2 ug respectively and for toxicants; 2,4- lutidine, 
2,() - lutidine, nicotinic acid, B-picoline and quinoline is 
4, 100, 0.04, and 100 /Ug respectively. The test has been 
successfully applied in acidic, basic and saline waters. A 
simple enzymatic method (14) is described for TLC detection 
and determination of fenitrothion as fenltrooxan in water 
with pig liver acetone powder as enzymatic source. This 
method can be used for the detection at ng level and for 
the extimation in the range of 5-50 ng of fenitrothion. 
1.9.2.2 Voiuinetric ^fethods: 
Volumetric methods involve use of a chemical 
reaction between substance to be determined (analyte) and 
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another substance used as titrant. Being simple and 
inexpensive it is also used in analysing pesticides especially 
at the places where sophisticated instruments are not 
available• 
(pliant i tat i v(> separation (15) of p-nn|)lithaleneacetic 
acid from oxalic acid has been carried out. The acids were 
separated on TLC plate coated with BaSO^^rCaSO^ (30:70) in 
ethyl acetate used as developer. R-Naphthalneacetic acid was 
scratched off, eluted with 25 ml of hot 2-propanol while 
oxlaic acid was eluted with 25 ml of hot distilled water. 
Both the solutions were made upto 50 ml in 507c 
2-propanol by adding water or propanol and then titrated 
with standard alkali using phenolphthalein as indicator. A 
modified micro-Kjeldahl distillation method (16) has been 
developed for the determination of secondary carbamate 
pesticides in technical materials and in formulations. 
Methylamine released on alkaline hydrolysis of the sample 
was steam distilled and absorbed in boric acid solution 
which was titrated with hydrochloric acid using bromocresol 
green as indicator. The limit of detection has been found to 
be 0.02 mmole of active ingredient. 
1.9.2.3 Biological Methods: 
The toxically significant residues of pesticides of 
certain classes which cause inhibition of the enzyme 
cholinesterase have been analysed by biological methods. The 
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cholinesterase inhibition test makes it possible to screen 
environmental samples for organophosphorus compounds and 
carbamates (17), The sensitivity of this test is increased 
by preconcentration of the active substance in water. A new 
solid phase extraction procedure has been introduced using 
cartridge filled with Wafatit Y77. A fast and simple 
analysis is achieved by using a vaccum manifold and a drying 
attachment.A lot of relevant active substance including very 
hydropliilic compounds can be absorbed from water vjith high 
yields. Small scale tests are performed to detect some 
widely used insecticides with concentrations less than 
0,1/Ug/L. Zoung and Spiereburg (18) reported the separation 
of over 100 pesticides by HPTLC and their detection and 
determination by cholinesterase inhibition technique. 
1.9.2.4 Chromatographic Methods 
1.9.2.4.1 Planar Chromatography 
It includes three forms namely thin-layer 
chromatography (I'LC) , paper chromatography (PC) and 
electrochromatography. 
L9.2.4.1.1Paper Chromatography (PC) 
This technique is the simplest methods of detection 
and separation and lias a great sensitivity for chlorinated 
organophosphorus insecticides. PC is the simplest method of 
detection and separation. It has a reasonable degree of 
sensitivity and concurrent determination possible with gas 
chromatography, has led to PC being used now mostly for 
confirmation of tlie relatively non-specific gas 
chromatographic compounds. 
Rathore et al. (19) have separated tricarboxylic 
acids, amino acids and keto acids on paper impregnated with 
calcium sulphate and calcium carbonate in simple solvents 
such as acetone, ethyl alcohol, distilled water, aqueous 
sodium chloride, ammonium chloride and calcium nitrate. 
Rathore et al. (20) have used paper impregnated with the 
hydroxides of aluminium and for separation of thirty four 
organic acids found in soil, water and biological materials. 
L9.2.4.1.2 Thin - Layer Chromatography (TLC): 
TLC has grown rapidly in the recent years and is 
now widely accepted as a rapid and efficient detection 
technique. TLC has replaced paper chromatography in 
pesticide residue analysis because of its higher resolution 
and shorter development time. It is lacking in the precise 
specificity of ;',as-liquid chromatography but it is more 
precise and sensitive than paper chromatography. Although 
most advances in pesticide analysis during the past few 
years have taken place in the field of GC and HPLC. TLC has 
retained its status as a valid and simple method for the 
qualitative and quantitative analysis of pesticide residues 
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and their metabolites. For pesticide analysis TLC 
has been used by the following procedures. 
1.9.2.4.1.2.1 Normal-phase thin-layer chromatography (NP-TLC). 
1.9.2.4.1.2.2 Reversed-phase thin-layer chromatography (RP-TLC). 
1.9.2.4.1.2.3 Two dimentional thin-layer chromatography (2D-TLC). 
1.9.2.4.1.2.4 Sequential thin-layer chromatography (S-TLC). 
1.9.2.4.1.2.5 Multiple development thin-layer chromatography(M-TLC). 
1.9.2.4.1.2.6 Preparative thin-layer chromatography (P-TLC). 
1.9.2.4.1.2.7 Ion-pair formation thin-layer Chromatography(IP-TLC). 
1.9.2.4.1.2.8 High performance thin-layer chromatography (HP-TLC). 
1.9.2.4.1.2.1 NP-TLC: 
This is the simplest type of TLC in which a 
solvent system is allowed to develop the normal 
phase plate. This chromatography involves the use of 
a solid or liquid stationary phase more polar than 
the mobile phase. This mode of development suffices 
for many applications and it is commonly used for 
pesticides analysis. Systems (21) comprised of 
36-447o aq. K Co . MeOH and dimethylacetamide are 
recommended for the development of thin-layer 
chromatograms in the analysis of water for 16 
organochlorine and organophosphorus pesticides. A 
NP-TLC method for the detection of carbaryl 
using two new chromatographic reagents viz. 
diazotized p-nitroaniline (PNA) and diazotized 
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p-aminoacetophenone (PAAP) is described (22). In this 
reaction PNA forms a stable blue coloured species 
whereas PAAP forms a stable purple coloured species with 
carbaryl in a fairly alkaline medium. 
2,4-dichlorophenoxyacetic acid, indole-3-acetic 
acid, o(, p-naphthalene acetic acid, gallic acid, 
p-chlorophenoxyacetic acid, 2,4,5-trichlorophenoxyacetic 
acid, trichloroacetic acid, R-naphthoxyacetic acid were 
separated by thin-layer chromatography on silica gel G, 
using different solvent systems (23). Bromophenol blue 
solution (0.17o) was used for vizualization of herbicide 
spots. 
Sherma (24) used quantitative TLC for the 
determination of organochlorine pesticides in water 
samples. The pesticides extracted from water using a 
C-18 solid-phase extraction cartridge instead of 
conventional liquid-liquid extraction. The concentrated 
pesticides are separated on silica gel layers using 
C.H.,-C.H. (1:1) and C.H,,-EtO (1:1) as eluents followed 
6 14 6 6 6 14 2 
by detection with ammoni cal silver nitrate solution and 
quantification by densitometric scanning. Recoveries of 
methoxychlor and p-p'-DDT have been found to be 90% 
fortification concentrations are 2.5 and 0.25 ppb 
respectively. Rathore et al, (25) have developed a 
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NP-TLC method for the separation, detection and 
determination of carbaryl in water. Traces of endosulfan 
(1/ug) have been detected (26) on TLC plate using 207,, 
aqueous sodium hydroxide followed by 5Z nickel (II) 
chloride in ammonia solution as the detection reagent. 
1.9.2.4.1.2.2 RP-TLC: 
Recent introduction of chemically bonded reversed 
phase TLC plates by several manufacturers has made 
reversed phase thin-layer chromatography (RP-TLC) an 
, important tool. Reversed (or reverse) phase 
chromatography involves the use of non-polar, usually 
hydrocarbanaceous stationary phase and relatively more 
polar mobile phase. Since the chromatographic mechanism 
in reversed phase separation is the retention of 
non-polar compounds by organic or stationary phase, an 
increase in the polarity of the mobile phase will result 
in increased retention of more non-polar species^. 
RP-TLC (27) has been used for the detection of 
carbamates using water:acetonitrile (1:9) as a mobile 
phase and 1% ferric chloride in butanol and 37o 
2,4-dinitrophenyl hydrazine in chloroform:methanol (3:1) 
as a detection reagent. 
1.9.2.4.1.2.3 2D-TLC: 
This developing technique is the application of 
normal, multiple or stepwise development in two 
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dimensions. The single sample to be separated is spotted 
in one corner of a plate and developed in the normal way 
for a fixed distance. The plate removed from a developing 
chamber and dried. The plate is turned 90° and placed into a 
chamber containing a different mobile phase so that it 
develops in the direction perpendicular to that of the first 
development. The best known applications are those for the 
separation of clinically important carbohydrates and amino 
acids (28). Some of the two dimensional techniques for amino 
acids involve an electrophoretic separation in one dimension 
and a TLC separation in another dimension. 2D-TLC on calcium 
sulphate coated plates for the separation of herbicides and 
fungicides has been reported (29). 
1.9.Z4.1.2.4 S-TLC: 
When a mixture contains compounds that differ considerably 
in polarity, a single development with one mobile phase may 
not provide the desired separation. However if the plate is 
developed successively with different mobile phases that 
have different selectivities or strengths, a separation will 
probably be forthcoming. Ratiore and Sharma (30) have 
separated carbaryl and related compounds by S-TLC on silica^ 
gel G coated plates using benzene, carbon tetrachloride, 
distilled water, 1,4-dioxane and ethyl acetate as the mobile 
phase. 
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1.9.2.4.1.2.5 M-TLC: 
If a single development of a plate indicates the 
partial separation, the plate may be allowed to dry and 
then may be reinserted into the developing chamber for 
redevelopment and this may be repeated any number of 
times until a satisfactory separation is achieved. 
Traizine herbicides (31) have been separated and 
determined on silica gel GF^r/ plates using C^H.,-BuOAc 
(60:40) as a solvent system. 
1.9.2.4.1.2.6 P-TLC: 
Preparative thin layer chromatography (P-TLC) may 
be defined as the TLC of relatively large amount of 
material in order to prepare and isolate quantities of 
separated substances, for futher work such as additional 
chromatography, infrared analysis, melting point 
determination or synthesis. The procedures used with 
analytical TLC may be used with P-TLC. The major 
difference being that the thickness of the sorbent layer 
is at least twice of that used in analytical work. 
Layers (0.75 mm) of admixture of barium sulphate and 
calcium sulphate have been used for the separation of 
carboxylic herbicides, plant growth regulators and 
carboxylic acids important in citrus fruit industry 
(32,33). Affonso (34) prepared 1-5 mm thick plates of 
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calcium sulphate that hard but limited in their 
separation capabilities because of the adsorption 
characteristics of the calcium sulphate. 
1.9.2.4.1.2.7 IP-TLC: 
Ion pair-reversed phase thin-layer chromatography 
has been applied for the separation of phenoxyacid 
herbicides (35). Paper chromatogrphy on plain papers and 
papers impregnated with ion-pair reagent (cetrimide) 
and/or reversed-phase reagent (paraffin oil) has been 
used for the separation of carboxylic acid herbicide and 
' plant growth regulators (36). 
1.9.2.4.1.2.8 HP-TLC: 
Organochlorine pesticides, methoxychlor, dieldrln, endo-
su l f an , l i ndane , p,p'-DDD, p^p'-DDT, •"^p,p' •- DDE and 
a l d r i n were de tec ted by HP-TLC using s i l i c a gel 60 
precoated p l a t e (37 ) . The mobile phase were n-heptane -
CH^Cl2 at v a r i a b l e p r o p o r t i o n s . The p l a t e s were 
repea ted ly developed in the same d i r e c t i o n with e i t h e r 
the same or a d i f f e r e n t so lvent with drying of so lven t s 
between runs . HP-TLC on s i l i c a gel has been used to 
separate and detect organophosphates using 2-methylthioacridone as 
spray reagent (38)i TLC in the convent ional sense i s 
r ap id ly being improved with HP-TLC. Separa t ions and 
q u a n t i t a t i v e a n a l y s i s can be c a r r i e d out in as l i t t l e 
time as f ive minutes . The number of samples t h a t can be 
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separated on a single HP-TLC layer is limited only by 
the ability to apply small volumes of sample solution. 
As many as sixty samples have been separated-on-a single 
10 X 10 cm HP-TLC plate and scanned with densitometry, 
all within one hour. 
1.9.2.4.2. Column ChromatORraphy (OC): 
Different types of stationary phases are used in 
column chromatography depending upon the mode of 
separation by adsorption, ion exchange, partition etc. 
Column chromatography is commonly applied for separation 
and preconcentration of pesticides specially carbamate 
pesticides. Rathore et al. (39) have developed a new 
solid phase extraction procedure for the 
preconcentration of the traces of carbaryl (50-400 ppb) 
in water using glass column containing polyurethane foam 
plug. The percent recovery of carbaryl in tubewell 
water, river water, rain water and distilled water has 
been found to be 73-80, 82-88, 91-97 and 94-98% 
respectively. 
1.9.2.4.3 Liquid-Liquid Chromatography (LLC): 
In this technique the separation depends on the 
sufficiently different partition coefficients in the 
selected solvent system. Liquid-liquid system comprised 
of 36-447o aqueous K^CG^, MeOH and dimethylacetamide are 
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recommended for the development of thin-layer 
chromatograms In the analysis of water for 16 
organochlorine and organophosphorus pesticides (21). 
Hemann and Keltrup have used liquid-liquid extraction 
with dichloromethane for preconcentration of phenoxyacid 
herbicide in water samples (40). 
1.9.2.4.4 Gas Chromatography (GC) and Gas Liquid Chromatography (GLC) 
It is the most sensitive method for pesticides 
residue analysis. A multiresidue analysis method for 20 
organochlorine 3 organophosphorus and pyrethroid 
pesticides in crops using gas liquid-chromatography 
(GLC) is developed (41). The samples were extracted with 
acetone or acetone: petroleum ether (1:1 v/v) and 
partioned with methylene chloride to remove aqueous 
phase. The extracts were divided into two parts. One 
part was used for determination. 
A gas chromatographic method (42) for 
organophosphorus pesticides in water has__,_detection 
limits<0.1 /ug/L, recoveries '^ 82-1127o and relative 
standard deviation <77o. Organophosphorus pesticides are 
extracted from water by chloroform for concentration by 
n 
a factor of — 500; the concentrated samples are passed 
through a column(containing UV-17, OV-210 and chromosorb 
W-HP 80) at 230° for flame photometric detection at 240°. 
A method was developed for determination of residual 
amounts of some insecticides, acaricides and fungicides in 
fruits (43). The pesticides were extracted with methanol 
and partioned into chloroform. The extract was purified 
by column chromatography on sodium 
sulphate/Florisil/Celite/Charcoal. Recoveries of 17 
pesticides from fortified samples of apples ranged from 
83.37o to 98.47o for a level of 0.1 mg/kg. A method for 
determination of organochlorine, organophosphorus and 
carbamate pesticides in water (44) involves extraction 
with mixed polar and non-polar solvents followed by 
organophosphorus and carbamate separation on OV-1 
stationary phase and organochlorine residues on OV-17 + 
QF-1. Recoveries were 81.4-104% and minimum detection 
limit was 10 g and 10 - 10 mg/L respectively. 
1.9.2.4.5 High Performance Liquid Chroatography (HPLC): 
HPLC and GC are complementary and are efficient, 
highly selective, needing small quantity of the sample 
that can be recovered after analysis. It is better in 
speed and simplicity of equipment while HPLC is 
preferable for analysing thermally unstable materials. 
Separation and quantitative (45) deterrnfv^dXlon of 
11 pesticides (mainly phenols and thiophenols) used for 
protection of hides and leather were carried out by HPLC 
4?. 
using a spherisorb S50 I)S2 column, MeCN and aqueous 
H.5PO, (17o) as eluents and UV detector. Flow rate and 
eluent volume were optimized to attain separation and 
identification of single compounds in mixtures. A XAD-2 
resin was used (46) for trace enrichment of 3 
organophosphorus pesticides (diazinon, azinphos, 
and fenitrothion) on an unsegmented flow solid-phase 
preconcentration system coupled on line with a HPLC with 
UV detection at 220 nm . An integrated flow injection 
(FI)/HPLC system for the total and individual 
determination of carbamate pesticides (propoxur, 
carbofuran and carbaryl) was proposed (47). The 
determination is based on the alkaline hydrolysis of the 
analytes and subsequent coupling with diazotized 
sulphanilic acid to yield the monitored dyes with or 
ithout prior separation step by HPLC in a C18 column. 
Sharma et al (48) used the HPLC method for the analysis 
of organophosphorus and carbamate pesticides. Good 
separation was achieved among four major "groups of 
rganophosphorus pesticides (i.e. methyl parathion, 
alathion, phosphamidon, qualinphos) and carbamates 
(carbaryl and Baygon) with a detection limit of 100/Ug 
for all the pesticides. 
w 
o 
m 
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1.9.2.5 Spectrophotometric Methods: 
Spectrophotometry of pesticides residues does not 
achieve the sensitivity of TLC and GC techniques. It may 
not be able to distinguish between the parent compound, 
metabolites and hydrolysis products but can be used with 
chromatography as a confirmatory technique. Three types 
of spectrophotometric methods used are Infra red, UV and 
visible spectrophotometry. 
UV methods require a rigorous clean-up of the 
extract to ensure that the final solution Is free from 
any material that will absorb light In the region of 
spectrum where pesticide content Is to be measured. 
Spectrophotometric determination of methyl parathlon and 
separation of methyl parathlon, malathlon, sumlthlon and 
methomyl by TLC Is described (49). Methyl parathlon was 
detected spectrophotometrlcally as Nl, Cu, Fe or Co 
complex at 342, 270, 354 and 345 nm respectively with 
detection limits of 1.3, 4.3, 1.07 and 1.1 ppb 
respectively. The mobile phase for TLC was EtOAc: CHC1~ 
(1:9). 
Relative Rr values (50) of 43 toxic substances 
including drugs, agrochems and alkaloids were detected 
by TLC using scanning UV spectrophotometric detection. 
This method is rapid and accurate and can be used in the 
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deteriiiination of toxic substances. An unstable colour 
(51) reaction produced by trJazines with pyridine in 
presence of alkali is the base for a simple UV-visible 
spectrophotometric determination of triazine-based 
pesticides in water. Sample preparation and extraction 
of atrazine from water samples are described. The method 
serves as a fast and inexpensive screening for 
subsequent gas chromatographic analysis. The reaction is 
sensitive covering the range of 0.1-0.5 /Jg/L after 
following the extraction procedure described. 
1.9.2.6 Densitometry: 
Spectrodensitometry coupled with S-TLC has been 
used (52) for the separation and determination of 
diphenyl ether group herbicides including nitrofen, 
oxyfluorfen, bifenox, fluorodifen, acifluorfen, 
femesafen, chloroxuron and diphenoxuron. Sherma and 
Boymel (53) have analysed urea, carbamate and anilide 
herbicides in soil and water by TLC using densitometry. 
Biphenyl residues, urea, carbamate and anilide 
herbicides (54) have been analysed quantitatively by TLC 
using densitometry. 
1.9.2.7. Fluorimetry and Phosphorimetry: 
Selectivity of measurement and sensitivity of 
determination of these methods are greater than those of 
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UV spectrophotometry and densitometry. The sample should be 
free from naturally occurring biological materials which 
produce fluorescence. A sensitive fluorimetric method has 
been developed for the determination of indole-derivative 
plant growth regulators (lAA, IBA and IPA) of the auxin 
group. The method is based on the reaction of auxin with 
o-phthalaldehyde in concentrated sulphuric acid (55). 
1.9.2.8 Miscellaneous Techniques: 
Polarography has been applied to the detection and 
estimation of several pesticides. Quantitative polarography 
is based on the measurement of the diffusion current i.e. 
height of the polarographic wave. 
A differential pulse polarographic method using a 
dropping mercury electrode (56) has been reported for the 
determination of herbicides, atrazine, prometrine and 
_o 
simazine. The limit of detection is found to be 8 x 10 M 
corresponding to about 15 /ug/L. Fenitrothion and methyl 
parathion (57) have been determined by polarography in an 
ethanolic solution at pH 7.0 using a Sorensen's buffer 
solution as supporting electrolyte and 0.51 gelatin as 
suppressor at 25°. The method is applicable even in the 
presence of malathion which fails other analysing 
techniques. The minimum concentrations for the programs 
recorded are 0.104 mg and the half wave potentials 0.95V 
45 
and -l.OV for fenitrothion and methyl parathion 
respectively. The utility of surface enhanced Raman 
Scattering (SERS) spectrometry for the determination of 
trace levels of various chlorinated pesticides including 
chlordane, carbophenothion, bromophos, chloropyriphos-Me, 
dichloran, linuron and 1-hydroxychlordane has been 
described (58), The silver coated substrates consisting of 
submicron spheres on solid surface have been used as 
SERS-active media. 
On the basis of above discussion, it is clear that 
several non-instrumental and instrumental techniques are 
being used for pesticides residue analysis. Since 
instrumental techniques are costly and sophisticated and 
require skilled operators either they are not available or 
have not been installed in most of the laboratories of the 
third world. Therefore there is growing interest in 
developing, new, simple and inexpensive techniques for 
pesticides residue analysis. 
In present work efforts have been made to develop 
techniques for detecting, separating and determining some 
carboxylic herbicides, plant growth regulators and 
carbamate pesticides. Thin-layer chromatographic separation 
of carboxylic herbicides and plant growth regulators on 
silica gel and calcium sulphate are described in chapter 2. 
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Separation, detection and quantitation of carbaryl are 
given in chapter 3. Chapter 4 deals with the sequential 
tliin-Iayer chromatography of carbaryl and related 
compounds. Spectrophotometric methods of determination of 
carbaryl in formulations are described in chapter 5. A 
novel spot test for carbaryl in environmental samples is 
described in chapter 6. 
1.10 The significant intrinsic properties of pesticides 
are described below: 
1.10.1 Accumulation: It is the tendency to accumulate in the 
living tissues. It is also known as bio-concentration of 
biological amplification. DDT, mercury and lead are the 
pertinent examples of substances of greater accumulating 
tendency. 
1.10.2. Carcinogenity: It is the tendency to produce malignancy. 
1.10.3. Controllability: It indicates that how readily a pesticide 
can be removed or neutralized. 
1.10.4. Mobility: It indicates the dilution and dispersion of a 
pesticide in different constituents of the environment. 
1.10.5. Mutagenicity: It is the tendency to bring about genetic 
changes which result in the production of abnormal 
offsprings. 
1.10.6. Persistence: It is a measure of stability of a pesticide in 
the environment. 
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1.10.7. Teratogenicity: It is the tendency to produce congenital 
malformations in the embryo. 
1.10.8. Toxicity: It is an important parameter which tells about 
health hazards and risk of life. 
49 
Table - 1.1: A l i s t of pes t ic ide c lasses , t he i r use and der ivat ion, 
[ 'ostlclde cl.iss Function Root-word derivation 
Insecticide 
Herbicide 
Fungicide 
Neniaticide 
Rodenticide 
Bactericide 
Acaricide 
Algicide 
Miticide 
Molluscicide 
Avicide 
Slimicide 
Pescicide 
Ovicide 
Controls insects 
Kills weeds 
Kills fungi 
Kills nematodes 
Kills rodents 
Kills bacteria 
Kills mites 
Kills algae 
Kills mites 
Kills snails 
and slugs (may 
include oysters, 
clams, mussels) 
Controls or repels 
birds 
Controls Slimes 
Controls fish 
Destroys eggs 
L. insectum, "insecre, to 
cut or divide into segments" 
L. herba, "an annual plant" 
L.mushroom, Gr. "spongos" 
L. nematods (Gr. nema, 
"thread") 
L. rodere, "to gnaw" 
L. bacterium (Gr. baktron, 
"a staff") 
Gr.akari, "mite or tick" 
L. alga, "seaweed" 
Synonymous with Acaricide 
L. molluscus, "soft - or 
thin - shelled" 
L. avis, "bird" 
Anglo-Saxon slim 
L. piscis, "a fish" 
L. ovum, "egg" 
Chemicals classed as pesticides not bearing the-icide suffix, 
Disinfectants 
Growth regulators 
Destroy or inactivate harmful micro-organisms 
Stimulate or retard plant growth 
5!) 
(Table 1,1: Continued) 
Defoliants Remove leaves 
Desiccants Speed drying of plants 
Repellants Repel insects, mites and ticks, 
or pest vertebrates (dogs, birds) 
Attractants Attract insects 
CfiGiiiosterilants Sterilize insects 
rsi 
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Table 1.4: Variety of microbiol species Capable of degrading 
pesticides. 
Microorganism Pesticide degraded 
BACTERIA 
Achromobacter Sp. 
Agrobacteriuin Sp. 
Arthobacter Sp. 
Bacillus Sp. 
Clostridium Sp. 
Corynebacterlum Sp. 
Flavobacterium Sp. 
Micrococcus Sp. 
Pseudomona 
ACTINOMYCETES 
Norcardia 
Actinomyces 
Streptomyces 
'I'hermophillic 
FUNGI 
Aspergillus 
Helminthosphorium 
Trichodern 
ALGAE 
Chlorella 
Nitzchia 
DDT, carbaryl, aldrin organophosphates, 
lindane, etc. 
DDT and other chlorinated pesticides 
Organophosphate, DDT 
Organophosphate, DDT 
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Table 1.5 : Health hazards associated wiith extensive use of 
pesticides. 
Hazards Number of incidents 
Giddiness-Headache 
Headache-Vomitting 
Eye irritation 
Eye burning sensation 
Cough 
Recurrent cold fever run down 
Back ache 
Skin eruption 
Chest pain 
Loss of appetite, Diorrhea 
Abdomen pain 
Easy fatiguability 
Depression 
PESTICIDES APPLICATORS 
Giddiness-headache 
Cough 
Recurrent cold fever run down 
OTHERS SIMILAR SOCIO ECONOMIC GROUP 
26 
07 
11 
04 
04 
01 
01 
04 
06 
03 
01 
01 
120(Persons examined) 
06 
02 
01 
60(Persons examined) 
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Table 1.6: Pesticides tested for mutagenicity, 
Pestcides No. Pesticides 
tested 
No. 
tested 
Insecticides 
Organophosphorus 
Carbamate 
Organochlorine 
72 
19 
19 
Synthetic Pyrethroid 11 
Fungicides 
Organophosphorus 
Carbamate 
Organochlorine 
Organomercury 
06 
18 
03 
11 
Mixture 
Other 
Herbicides 
Organophosphorus 
Carbamate 
Phenoxy acid 
Benzoic acid 
Triazine 
Mixture 
Urea 
Others 
11 
15 
03 
16 
17 
07 
22 
20 
21 
57 
Mixture 
Others 
Miscellaneous compounds 
Acaricides 
Chemisterillents 
Fumigants 
Insect repellents 
Plant growth regulators 
Nematicides 
Rodenticides 
Others 
01 
52 
21 
08 
10 
02 
04 
05 
04 
15 
5? 
Table 1.7 : Pesl:icldes which show teratogenicity 
Fungicides Herbicides Insecticides 
Captafol 
Captan 
Folpet 
Hexachlorobenzene 
Thirum 
Butiphos 
2,4-D 
Nitrofen 
Prometryne 
2,4,5-T 
Apholate 
Carbaryl 
Chlordecone 
DDT 
Dieldrin 
Dimpylate 
Endrin 
Lindane 
Methyl Parathion 
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Table 1.8 : Pesticides evaluated by internal agencies for 
carcinogenicity, mutagenicity and teratogenicity 
Compound Source Year 
1983 
1973 
1974 
1975 
1973 
1976 
1973 
1983 
1983 
1983 
1983 
198A 
1973 
1986 
1974 
1973 
1977 
1987 
1986 
1973 
1977 
1984 
1984 
Acrylonitrile 
Aldrin 
Arnltrole 
Apholate 
A r a m i t e 
Be IK)my I 
BHC 
Carbaryl 
Nitroso-carbaryl 
Carbendaziiii 
Nitroso-carbendazim 
Chlordaiie 
Chlorobenzilate 
Chiorpropheiii 
2,4-D and esters 
DDT 
1,2-Dibromochloro])ropene 
Dichloroiiiethane 
Dichlorvos 
Dieldrin 
Dlniethozane 
Di(|uat 
End osulf 0.11 
EHC 
lARC 
I ARC 
lARC 
lARC 
lARC 
I ARC 
I ARC 
lARC 
I ARC 
I ARC 
EHC 
lARC 
EHC 
ECH 
lARC 
I ARC 
EHC 
EHC 
lARC 
I ARC 
EHC 
EHC 
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Table 1 .8 : Cont inued 
Com()ounci Source Year 
1973 
1977 
1984 
1986 
1984 
1983 
1977 
1973 
1984 
1984 
1984 
1983 
1984 
1986 
1983 
1987 
1986 
1984 
1973 
1977 
1977 
1984 
1986 
1983 
1980 
1986 
1984 
1986 
1983 
IMC = Inter national agency for research 
on cancer. 
EHC = Environment health criteria series, 
Endrin 
I'lthylene dibroiiiide 
Heptachior 
Kelvin 
Chlordecone (Metabolite of 
Kclvan) 
Malathion 
Maleic Hydrazide 
Methoxichlor 
Moxaca rl^ iate 
Mi rex 
Paraquat 
Parathion 
Parathion-methyl 
Pentachlorophenol 
Propham 
Quintozene 
Strobane 
2,4, 5-1 and esters 
TODD 
Tecnazene 
letrachlorvinphos 
1etradifon 
Thiophanate-methyl 
Toxaphene 
Trichlorphen 
I ARC 
lARC 
EHC 
EHC 
EHC 
I ARC 
I ARC 
lARC 
EHC 
EHC 
EHC 
I ARC 
EHC 
EHC 
I ARC 
EHC 
EHC 
EHC 
lARC 
lARC 
lARC 
EHC 
EHC 
lARC 
EHC 
EHC 
EHC 
EHC 
lARC 
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Table 1.9: Chemicals tested for mutagenicity 
Compound 
Captafol 
Carbaryl -. 
Carbendazaim 
Deltamethrin 
Dimethoate 
Endosulfa ii 
Epichlorohydrin 
Kitazin 
Lindan 
Malathion 
Sevidol 
(1 Lindane + Car baryl) 
Use 
F 
I 
F 
I 
I 
I 
IF 
F 
I 
I 
I 
Positive 
GA, 
MI 
CA 
MN, 
Tx 
MI 
CA, 
CA, 
Tx 
Tx,i 
Mn, 
SPA, SCE 
CyT,Tx 
SPA, Tx 
SPA, SCE 
MI 
Cyt, Tx 
Mutagenicity 
Negative 
-
CA, SPA 
-
SLRL, DL, 
SLRL, DL, 
CA, SPA 
-
-
SLRL, DL, 
SLRL, DL, 
CA, SPA, 
SLRL,"DL"; 
RP 
RP 
RP 
RP, 
RP 
CA - Chroinosomal aberrations in bone-marrow (b.m.) cells of mice 
C T - Cytotoxicity of RBC'c in b.m. of mice 
DL - dominant lethals in DROSOPHILA 
MI - mitotic index in b.m. cells of mice 
MN - micronuclei induction in b.m. cells of mice 
RP - reproductive performance in DROSOPHILA 
SCE - Sister-chromatid-exchanges in cultured buffalo lymphocytes 
SmL - sex-linked recessive lethals in DROSOPHILA 
SPA - sperm-head abnormality assay in mice 
Tx - toxicity to DROSOPHILA 
IF - Insect fumigant 
F - Fungicide 
I - Insecticide 
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Table 1.10: Suri:ace water criteria for pesticides in public 
water supplies (mg/l) 
Pesticide Permissible criteria 
Aldrin 0.017 
Chlordane 0.003 
DDT 0.042 
Dieldrln 0.017 
Endrin 0.001 
Heptachlor 0.018 
Heptachlor epoxide 0.018 
Lindane 0.056 
Methoxychlor 0.035 
Camplechlor 0.005 
6Z 
Aromatic hydroxylation 
Aliphatic hydroxylation 
0-Dealkylation 
N-oxide formation 
V \ V \ 
- OH 
RCH^ ^ ^ RCH2OH 
/ N\- OCH2R // \^  
R-N(CH3)2 
- OH + RCHO 
0 
II 
-^  R-N - (CH3)2 
N-Dealkylation 0^^-mCU^R-^ (^- NHCHR > (^- NH2 + RCHO 
Desulfuration 
Sulfide oxidation 
P=S 
/ 
-^  P=0 ^ C=S ^ C=0 
R-S-R • ^ R-SO-R'. ^R-S02-R' 
S 
II 
De sterification (R0)2 - P-Q-Ar • > (R0)2 PSOH + HOAr.^  
Epoxidation g—> 
Mixed function oxidase catalyzed biotransformation of nenobioties 
RH 
1 
P-450 
P-450 
NDFH . tp(OX) x (red) (Fe 
RH 
3 + 
y X 
NADP tp(red) x (ox) P-450 
(Fe\^ 
RH/ _ROH + H„0 
P-450-Oo 
(Fe ) 
Figure 1.1: Biotransformation reactions 
0 CH^COOH 
cr 
OH 
-> 
CI 
CI 
OH 
CI 
0 CH2COOH 
OH 
and 
CI 
(a) Photochemical decomposition of 2,4-D 
0 
n O-C-NH-CH. 
V ^r N H2O 
uv 
OH 
r^ . 
(b) Photochemical decomposition of Carbaryl 
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OH 
OH 
OH 
0 CH^ COOH 
OH J 
+ CH3 NCO 
2 CI -(^  ^ VCH-<^jVci 
CI - C - CI 
DDT 
UV > CI- (/_^) - CH - (^ _M- CI 
( 
C-Cl 
II 
C-Cl 
C l — / ^ — C H — / ^ 
(c) Formation of DDT dimer by the action of ultraviolet light. 
- CI 
Figure 1.2: Degratlon of pesticide by sun light 
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PLANKTON 
0.004 ppm 
AL 
CLAMS 
0.42 ppm 
FISH 
0.17-0.27 
^ 
r 
-> 
FISH EATING BIRD 
3.15-75.5 ppm 
Figure 1*3: DDT in food chain 
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CHAPTER - 2 
CHROMATOGRAPHIC BEHAVIOUR OF SOME 
HERBICIDES ON ADMIXTURE OF SILICA 
GEL G AND CALCIUM SULPHATE 
7?. 
INIRODUCTION 
Previous work (l-5)carried out in this laboratory 
shows that calcium sulphate is a good TLC material for the 
separation of organic acids while silica gel G can not be 
used for this purpose. Now it has been found that an 
admixture of silica gel G and calcium sulphate (1:4 w/w) 
named as silica gel G, is a good TLC material for the 
separation of organic acid herbicides. The separations which 
are not possible on either calcium sulphate or silica gel G 
alone can be achieved on silica gel G,. The results obtained 
are discussed in this chapter. 
2.2 EXPERIMENTAL 
2.2.1 Apparatus 
A Stahl apparatus with a universal applicator 
(thickness of the applied layers adjustable from 0.25 - 2.0 
mm) (made in India), glass plates (20 x 4 cm), glass jars 
(25 X 5 cm) and temperature controlled electric even (Tempo, 
India) were used. 
2.2.2 Reagents and Chemicals 
Calcium sulphate dihydrate and silica gel G (Merck 
India),silver nitrate (BDH), soap and detergent (Hindustan 
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Lever Ltd., India), bromophenol blue, herbicides and plant 
growth regulators (Sigma, U.S.A.) were used. All other 
chemicals used were of analytical grade. 
2.2.3 Preparation of Solutions 
Silver nitrate solution was prepared in distilled 
water and kept in a dark coloured bottle to prevent 
oxidaton. Soaps or detergents (2 g) were shaken with 100 ml 
of hot ethanol and filtered. The clear filtrate obtained was 
used for the chromatographic studies (6). Solutions of 
herbicides and plant growth regulators (2%) were prepared in 
ethanol. 
2.2.4 Preparation of Plates 
Silica gel G(40 g) was made into a slurry with 
distilled water (70 ml) and a 0.5 mm thick layer was applied 
to the glass plates with the help of the applicator (coating I) 
The plates were first allowed to dry at room temperature and 
then in a temperature controlled elctric oven at 110° for 1 hr. 
n 
2.2.5 Spotting of Test Solution and f Values 
Test solutions {TL ethanolic) were spotted on the 
plates with a fine capillary. The spots were dried in the 
oven at L10° for 2 mln and then the plates were developed. 
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For tailing, the front limit (RI) and rear limit (RT) were 
measured while for compact spot R^ value were calculated by 
using the following expression 
Rr = Migration distance relative to solvent front. 
2.2.6 Identification Method 
The herbicides and tho plant growth regulators on 
plates were visualized by spraying with ethanolic alkaline 
solution of bromophenol blue (O.IZ). 
2.2.7 Various Types of Coatings used 
Coating I : Silica gel G (40 g) + DW (70 ml) 
Coating II : Calcium sulphate (10 g) + Silica gel G (40 g) 
+ DW (115 ml). 
Coating III : Calcium sulphate (20 g) + Silica gel G (30 g) 
+ DW (115 ml). 
Coating IV : Calcium sulphate (25 g) + Silica gel G (25 g) 
+ DW (115 ml). 
Coating V : Calcium sulphate (30 g) + Silica gel G (20 g) 
+ DW (115 ml). 
Coating VI : Calcium sulphate (35 g) + Silica gel G (15 g) 
+ DW (115 ml). 
Coating VII : Calcium sulphate (40g) + Silica gel G (10 g) 
+ DW (115 ml). 
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Coating VIII : Calcium sulphate (45 g) + Silica gel G (5 g) 
+ DW (115 ml). 
Coating IX : Calcium sulphate (20 g) + DW (45 ml). 
Coating X : Calcium sulphate (20 g) + Silver nitrate 
(20 mg) + DW (45 ml) 
Coating XI : Calcium sulphate (20 g) + Silver nitrate 
(2 mg) + DW (45 ml) 
Coating XII : Calcium sulphate (20 g) + Calcium nitrate 
(0.5 g) + DW (45 ml) 
Coating XIII : Lead sulphate (40 g) + DW (35 ml) 
Coating XIV : Calcium sulphate (10 g) + Lead sulphate 
(10 g) + DW (30 ml) 
Coating XV : Calcium sulphate (20 g) + Lead sulphate 
(40 g) + DW (100 ml) ~"~ 
Coating XVI : Silica gel (20 g) + Titanium oxide (0.5 g) + 
DW (50 ml) 
Coating XVII : Calcium phosphate (20 g) + DW (45 ml). 
2.3 RESULTS AND DISCUSSION 
Abbreviations used are PXA = phenoxyacetic acid, 
CPXA = p-chlorophenoxyacetic acid, 2,4-D= 
2,4-dichlorophenoxy-acetic acid ^ 2,4,5-T =. 
2,4,5-trichlorophenoxyacettc acid, TCA = trichloroacetic 
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acid, o<C-NPA = cxf-naphthaleneacetic acid, ^-NPA= 
^-naphthaleneacetic acid, p,-NPXA = B-naphthoxyacetic acid, 
GA = gallic acid, lAA = indole-3-acetic acid and DW= 
distilled water. 
Results of the chromatographic behaviour for the 
different admixtures of silica gel G and calcium sulphate in 
propanol are shown in table 2.1 R^' values of the compounds 
under study (given above) on calcium sulphate impregnated 
with silver nitrate (coating X and XI) and calcium nitrate 
(coating XII) in distilled water were found to be 1. R^ 
values of these compounds on lead sulphate, titanium oxide, 
calcium phosphate and their admixtures are summarized in 
table 2.2. Chromatographic data on silica gel G, (SiO^: 
CaSO,; 1:4) in different solvents are recorded in table 2.3. 
Separations achieved on silica gel G, are given in table 
2.4. 
Table 2.1 shows that all the compounds under study 
have Rr: value 0 and 1 on silica gel G and calcium sulphate 
respectively so they can not be separated on either one. lAA 
breaks down in two spots which correspond to R^ ^ values 0 and 
1 on silica gel G while it remains a single spot (R^ value 
1) on calcium sulphate. All the compounds start moving on 
mixing calcium sulphate in silica gel G as it is expected 
from their R^ values, i.e. 0 and 1 on silica gel G and 
calcium sulphate respectively. The breaking of lAA into two spots 
7? 
was prevented by mixing calcium sulphate in silica gel G (3: 
2 w/w). Therefore, it is clear that silica gel G is not a 
good TLC material for the chromatography of lAA due to its 
degradation on silica gel G plates. The degradation of lAA 
on silica gel G has also been reported by Jackson and McWHA 
(7). It is also clear from table 2.1 (coating VII) that silica 
gel G, has better chromatographic potential than other 
coatings because it has differential mobility of the 
herbicides under study; out of 10 herbicides 4 have a 
compact spot which corresponds to Rr: value 1, 5 are tailing 
from 0-7.5 cm and PXA tails only from 0-1 cm. Therefore this 
coating has been studied thoroughly. 
Table 2.2 shows that lead sulphate (coating XIII) 
is not a good TLC material because <X-NPA, B-NPA & lAA break down 
into two spots corresponding to R^ values 0 and 1. The 
chromatographic potential of lead sulphate can be improved 
by mixing with calcium sulphate. As a result the separation 
of o(-NPA and B-NPA from remaining herbicides becomes 
possible on coating XIV containing calcium sulphate and legd 
sulphate (l:lw/w) in acetone. A mixture of silica gel G and 
titanium oxide (coating XVI) has been found to be unsuitable 
because PXA, '^-NPA, B-NPA and lAA break down into two spots. 
Chromatographic behaviour of calcium phosphate (coating 
XVII) is similar to that of calcium sulphate because all the 
herbicides have Re value 1. < ^ ? ' , » i ^ 
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Table 2.3 shows the chromatographic behaviour of 
herbicides on silica gel G, in different solvents. The time 
taken for ascending 10 cm of TLC coating VII by different 
solvents is in the following order: propanol (70 min) = amyl 
alcohol (70 min) = soap solution (70 min) > butanol (60 min) 
>ethanol (55 min)> chlorobenzene (30 min) = nitrobenzene 
(30 min) = coconut oil (30 min) = detergent solution (30 
min) = pyridine (30 min) > benzene (22 min) = dioxane 
(22 min) > chloroform (15 min) = carbon tetrachloride (15 
min) > hexane (13 min) > acetone (10 min) = acetonitrile 
(10 min) = distilled water (10 min) = 1% aqueous AgNO^ 
(10 min). 
The separations achieved practically in these 
solvents are listed in table 2.4, such as ^-NPA from 2,4-D 
in chloroform, B-NPA from lAA in distilled water and TCA 
from PXA in distilled water. 
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Table 2.4 Separations achieved on coating VII In different solvent 
systems. 
Compounds 
Separated From 
Solvent 
Systems 
2, 4-D 
(2,8-8.3 cm 
lAA 
(1) 
lAA 
(1) 
lAA 
(1) 
lAA 
(1) 
lAA 
(1) 
GA 
(1) 
GA 
(1) 
GA 
(1) 
o<-HPA 
(1) 
lAA (1), <-NPA (1) and p-NPA (1) 
GPXA (0-6.5 cm), 2,4-D (0-5.5 cm), 
p>-NPXA (0-5.5 cm) and PXA (0-6 cm) 
GPXA (0-8.5 cm), 2,4-D (0-7.5 cm), 
p-NPXA (0-7.5 cm), PXA (0-8.5 cm)^ 
2,4,5-T (0-7.5 cm) and TCA (0-^ cm) 
GPXA (0-4.5 cm), 2,4-D (0-5 cm), 
p -NPXA (0-6 cm), PXA (0-8 cm), 
2,4,5-T ( 0-5 cm) and TCA (0-3 cm) 
GPXA (0-6 cm), 2,4-D (0-5 cm), 
2,4,5-T (0-7 cm) and TGA (0-4.5 cm) 
GPXA (0-4.5 cm), 2,4-D (0-4.5 cm)^ 
o<-NPA (0-6 cm), B-NPXA (0-6 cm), 
2,4,5-T (0-4.5 cm), TGA (0-7 cm) 
and PXA (0-6.5 cm) 
GPXA (0-6.5 cm), 2,4-D (0-6.5 cm), 
p>-NPXA (0-6 cm) and PXA (0-5.5 cm) 
GPXA(0-6.5 cm) 5 2,4-D (0-5 cm), 
p-NPXA (0-7.5- cm), PXA (0-7.5 cm), 
2,4,5-T (0-5 cm) and TGA (0-3 cm) 
GPXA (0-5.5 cm), 2,4-D (0-4.3 cm), 
^-NPXA (0-5.5 cm), 2,4,5-T(0-7.5 cm 
and TGA (0-3 cm) 
GPXA (0-7 cm) 
ethanolic soap 
solution 
amyl alcohol 
ethanolic 
detergent 
solution 
ethanol 
2-propanol 
pyridine 
amyl 
alcohol 
ethanol 
2-propanol 
amyl alcohol 
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(Table 2.4 continued) 
Compounds ^ Solvent 
^ J From . 
separated systems 
^-NPA CPXA (0-8.5 cm), 2,4-D (0-7 cm), 1-butanol 
(1) p-NPXA (0-8 cm), PXA (0-7.5 cm) 
and 2,4,5-T (0-8.5 cm) 
c^ -NPA CPXA (0-8.5 cm), 2,4-D (0-7.5 cm), ethanolic 
(1) ^-NPXA (0-7.5 cm), PXA (0-7.5 cm), detergent 
2,4,5-T (0-8 cm) and TCA (0-6 cm) solution 
oi-Wk CPXA (0-6.5 cm), 2,4-D (0-6 cm), ethanol 
(1) p'-NPXA (0-4.5 cm), 2,4,5-T (0-5 cm), 
TCA (0-7.5 cm) and PXA (0-6 cm) 
^-NPA GA (0) and TCA (0-2.5 cm) nitrobenzene 
(3.5-7.5 cm) 
o(-NPA CPXA (0-5.5 cm), 2,4-D (0-5 cm), 2-propanol 
(1) ^-NPXA (0-6 cm), 2,4,5-T (0-7 cm) 
and TCA (0-5.5 cm) 
P -NPA CPXA (0-7.5 cm\2,4-D (0-7.5 cm), 1-butanol 
(i) P-NPXA (0-8 cm), PXA (0-8.5 cm) 
and 2,4,5-T (0-8 cm) 
P-NPA |3-NPXA (0-7.5 cm) ethanolic 
(1) soap 
solution 
P-NPA CPXA (0-6 cm), 2,4-D (0-7 cm), ethanolic 
(1) TCA (0-7 cm) and PXA (0-7.5 cm) detergent 
solution 
P-NPA CPXA (0-5 cm), 2,4-D (0-7 cm), ethanol 
(i) P-NPXA (0-4 cm), PXA (0-6.5 cm)_^  
2,4,5-T (0-6 cm) and TCA (0-4 cm) 
P-NPA CPXA (0-8.5 cm )j 2,4-D (0-5 cm), 2-propanol 
(1) ^ -NPXA (0-6 cm), 2,4,5-T (0-7.5 cm) 
and TCA (0-4 cm) 
(Table 2.4 Continued) 
Compounds Solvent 
separated From systems 
P-NPA CPXA (0-5 cm), 2,4-D (0-4.5 cm)^ pyridine 
(1) P'-NPXA (0-5 cm), o<-NPA (0-6 cm), 
PXA (0-6.5 cm) and 2,4,5-T (0-5.5 cm) 
P-NPA GA (1) and lAA (1) distilled 
(1) water 
l^-NPXA "^-NPA (1) and 2,4,5-T (1) amyl alcohol 
(0-7 cm) ^ — - -
I'CA o(-n?h (1), P-NPA (1) and lAA (1) ethanolic 
(3.5-5.3 cm) soap 
solution 
rCA o(-NPA (0),p-NPA (0) and PXA (0) distilled 
(1) water 
^abbreviations used are defined in result section, 
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CHAPTER 3 
THIN LAYER CHROMATOGRAPHIC SEPERATION 
DETECTION AND DETERMINATION OF CARBARYL IN WATER 
91 
INTRODUCTION 
'I'hin layer chromatography has found wide application 
in the field of pesticides analysis due to its simplicity, 
selectivity and availability in most laboratories. A 
considerable work (1-5) on 2,4-D, carbaryl and related 
compounds has been carried out in this laboratory. Bhaskar 
(6) developed a new TLC procedure for detection, 
determination of fenitrothion. He used spot area and weight 
measurements for the quantification of fenitrothion. 
Therefore, it was thought worthwhile to develop a new 
TLC procedure for detection, separation and determination of 
carbaryl. I'his paper discusses the results of TLC detection, 
separation and determination of carbaryl and related 
compounds . 
3.2 EXPERIMENTAL 
3.2.1 Apparatus 
Stahl apparatus with universal applicator; glass 
plates (20 x 3 cm); glass jars (23 x 5 cm); temperature 
controlled electric oven; water bath; separating funnel; 
variable volume micropipette (Gilson, France) etc. were 
used. 
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3.2.2 Reagents and Ghelcals: 
Carbaryl 501 WP (Paushak Ltd., India); carbofuran 3% 
GR (Pesticides,. India),* propoxur 1% (w/w) (Bayer India 
Ltd.); bavistin 50% WF (BASF India Ltd.); phenol LR, and 
p-chlorophenol LR (BDH, India); B-naphthoxyacetic acid PR 
(Sigma, U.S.A.); p-nitrobenzenediazoniumtetrafluoroborat; 
silica gel G (Merck, India) and potassium hydroxide LR (s.d. 
Fine CHEM, Pvt. Ltd.) were used. All other reagents used 
were of analytical grade. 
3.2.3 Preparation of Solutions: __ 
Solutions (17o) of carbaryl, carbofuran, phenol and 
o(-naphthol were prepared in ethyl acetate while solutions of 
propoxur, bavistin, B-naphthoxyacetic acid, o-nitrophenol 
and p-chlorophenol were prepared in ehanol. 
p-Nitrobenzenediazoniumtetrafluoroborat (0.1 g) was 
dissolved in 100 ml of acetone. Methanolic potassium 
hydroxide (IZ) was used. When IZ solution was not possible 
to prepare saturated solution was used. 
3.2.4 Preparation of Plates: 
A slurry containing silica gel G (25 g) and distilled 
water (65 ml) was applied to the glrss plates with the help 
of applicator to give the film thickness 0.50 mm. The 
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plates were first allowed to dry at room temperature and 
o 
then at 110 for 1 hr. for activation. 
3.2.5 Spotting of Test Solutions: 
Test solutions were applied on TLC plates with.a fine 
capillary. For quantitative analysis a variable volume 
micropipette was used for spotting the solution. The spots 
were dried at room temperature and then the TLC plates were 
developed in different solvents to 10 cm using ascending 
mode of development. 
3.2.6 Vizualization of Chromatogram: 
The carbamates, phenols and B-naphthoxyacetic acid 
were detected on TLC plates by the following procedure; 
potassium hydroxide solution was sprayed on TLC plates, the 
plates were dried in an oven at 110° for 5 sec, cooled and 
then p-nitrobenzenediazoniumtetrafluoroborat solution was 
sprayed on the plates. Orangish-brown spots were appeared on 
. white background for all the compounds except carbofuran 
which appeared as a purple spot. 
3.2.7 Recording of R^ values : 
For tailing spots, the front limit (RI) and the rear 
limit (RT) were measured while for compact spots R^ : values 
were calculated by the procedure mentioned in Chapter 2. 
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3.2.8. Composition of Tap Water: 
The tap water was composed of 91 ppm total 
alkalinity as CaCO^; 203 ppm total hardness as CaCO^J 13-14 
ppm Chloride; 14-18.5 ppm sulphate,* 0.99-1 ppm fluoride,* 
2.1-2.5 ppm nitrate-nitrogen; 1.25-1.50 ppm cadmium,' 
4.5-5 ppm copper; 2-2.50 ppm chromium,* 4.5-5 copper,' 
2-2.50 ppm chromium,' 15-16 ppm manganese,' 8.50-10 ppm 
nickel; 0.70-0.80 ppm lead; 132-139 ppm zinc; 
132.25-134.56/u ohm electrical conductivity and^ p^j^  8. 
3.2.9 Quantification of Carbaryl: 
Different concentrations of standard carbaryl 
solution (5-20 /ul) were spotted on a TLC plate with a 
variable volume micropipette. After drying the spot at 
room temperature the plate was developed in benzene. The 
R^ value in benzene is found to be 0.15. The 
quantification of carbaryl was carried out by the 
following mathods: I 
(a) Area measurement method: The diameter of the 
spot was measured horizontally (d^  ) and vertically (d^) 
in mm. The area of the spot was calculated by the formula 
given below: 
Area of the spot (a) == ( j mm 
(b) Area weight method: After visualization of the 
spot, the corresponding coating material was scratched 
with the help of a spectula and weiged accurately. 
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The concentration of carbaryl (/ig) was plotted 
against the area of the spot (mm ) or weight of 
corresponding coating material (mg) for quantification of 
carbaryl in unknown samples. 
3.2.10 Quantification of Carbaryl in Tap Water: 
A litre of water contaminated with carbamate 
pesticides was mixed with 1 ml of 17c. carbaryl solution in 
water. The carbaryl in the dozed sample (10 ppm) was 
determined as follows: 
Known volume (200 ml) of the sample was transferred 
to a separatory funnel and 20 ml chloroform were added. The 
mixture was shaken vigorously for 2 mins and then layers were 
allowed to separate. The chloroform layer was collected in a 
beaker. The aqueous layer was shaken with 20 ml of fresh 
chloroform for 2 min. The chloroform layer was collected in 
the same beaker. The chloroform extracts were evaporated on 
a water bath at 60° till the contents remained 1 ml. The 
variable volumes (10-60 /ul) of the above preconcentrated 
solution were spotted on TLC plate was developed in benzene 
and the carbaryl was estimated by using area measurement 
method and area weight method. 
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3.3 RESULTS AND DISCUSSION: 
Re values of carbaryl and related compounds are given 
in tables 3.1 and 3.2. Some important separations achieved 
on silica gel G layers in different solvents are recorded in 
table 3.3. The relationship of spot area and weight of 
corresponding coating meterial with carbaryl concentration 
is shown in table 3.4. Results of quantitative separation of 
carbaryl from o-nitrophenol are given in table 3. 5 . Table 
3.6 shows the applicability of the technique foi;_ residue 
estimation of carbaryl in dozed water samples. The plots of 
carbaryl concentration against the area of the spot and 
weight of the corresponding coating material are shown in 
Figs. 3.1 and 3.2 respectively. 
For the analysis of carbamate pesticides numerous 
techniques such as GC (7,8,9), HPLC (10,11), TLC (12,13), 
mass spectrometary (14), spectrophotometry (15,16,17) j 
phosphorimetry_, enzyme inhibition (18,19) and ion exchange 
(20) have been used. A modified micro-kjeldahl (21) method 
is also reported for the analysis of carbamates, aldicarb, 
carbaryl and carbofuran in technical material and 
formulations. Carbaryl has been detected in environmental 
samples by using test papers in our laboratory (1). 
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GLC analysis of N-methyl carbamates is hindered by 
their thermal instability and the lack of sensitivity of the 
electron capture detector towards the compounds. At present 
it is very difficult to find a single procedure for the 
analysis of most carbamates. The TLC technique developed in 
our laboratory is based upon the movement of the spot (R^ 
value table 3.1) for the confirmation and the area of the 
spot for quantification (tables 3.3, 3.4 and 3.5). Thus 
different carbamates and their degradation products 
(phenols) which are haviang different Rr values can be 
analysed by this technique (table 3.2). Since this technique 
does not require any sophisticated instrument, it can be 
used successfully for field analysis of carbaryl. 
The technique seems to be very sensitive as its 
lower limit of detection and determination is 20 and 70/Ug 
respectively. 
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Table 3.2 : Rp values of Carbaryl and its related compounds 
Compounds 
Solvent 
System 
Rn values or migration distances 
phenol c^-Naphthol Carbaryl 
Acetone 
Acetonitrile 
Diethyl ether 
Ethanol 
Methanol 
Nitrobenzene 
Propenol 
Acetone: Benzene (1:10) 
Acetone: Benzene (1:4) 
Acetone: Benzene (10:1) 
Acetone: Benzene (4:1) 
Acetone: Chlorof orm (1:10]( 
1 
1 
1 
1 
0 .75 
0 .8 
1 
0 .35 
1 
1 
1 
Ace tone : Chloroform (1:4) | 1 
Acetone:Chloroform (10:1) 
Acetone: Chloroform (4:1) 
Dioxane: Benzene (1:10) 0.5 
Dioxane: Benzene (1:4) 0.8 
Dioxane: Benzene (10:1) 1 
Dioxane: Benzene (4:1) 
Dioxane: Carbon 
tetrachloricle(l:10) 0.45 
0 .75 
1 
1 
0.8 
0 .9 
0 . 8 
1 
0 .6 
0 . 8 
0 .65 
1 
0 .8 
0 .6 
1 
0.9 
0.6 
0.7 
1 
0.8 
0.15 
1 
1 
1 
0.9 
0 .75 
0 .7 
1 
0 .25 
1 
1 
1.0 
1.0 
1 
1.0 
0.65 
0.6 
0.9 
0.35 
100 
(Table 3.2 continued) 
^ — . ^ ^ m p o u n d s 
S o l v e n t "^"~~~-~-~...^ __^ ^ 
system -~-,,_^^ 
Dioxane:Carbon tetrachloride (1:4) 
Dioxane:Carbon tetrachloride (10:1) 
Rrr v a l u e s 
Phenol 
1 
1 
or migra t ion d i s t a n c e s 
c(-Naphthol Carbaryl 
0.75 1 
1 1 
Dioxane: Carbon tetrachloride(4:1) 
Dioxane: Chloroform (1:10) 
Dioxane: Chloroform (1:4) 
Dioxane: Chloroform (10:1) 
Dioxane: Chloroform (4:1) 
Ethylacetate: Benzene (1:10) 
Ethyl acetate: Benzene (1:4) 
Ethyl acetate: Benzene (10:1) 
Ethyl acetate: Benzene (4:1) 
Ethyl acetate: Carbon tetrachloride (1:10) 
Ethyl acetate: Carbon tetrachloride (1:4) 
Ethyl acetate: Carbon tetrachloride (10:1) 
Ethyl acetate: Carbon tetrachloride (4:1) 
Ethyl acetate: Chloroform (1:10) 
Ethyl acetate: Chloroform (1:4) 
Ethyl acetate: Chloroform (10:1) 
Ethyl acetate: Chloroform (4:1) 
7-10 cm 
-
1 
1 
1 
1 
1 
1 
1 
0.15 
-
1 
1 
0.8 
1 
0.8 
1 
1 
0.8 
1 
1 
1 
0.6 
1 
1 
0.8 
0.15 
-
0.9 
1 
1 
1 
1 
1 
5-8 C 
-
1 
1 
1 
0.9 
1 
1 
-
0.25 
0.8 
0.2 
1 
0.65 
0.8 
-
-
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(Table 3.2 continued) 
Solvent 
system 
Ethyl acetate: 
Compounds 
Propanol (1:10) 
Rr: v a l u e s or migrat ion d i s t a n c e s 
Phenol i3(-Naphthol Carbaryl 
1 1 
Ethyl acetate: Propanol (1:4) 
Ethyl acetate: Propanol (10:1) 
Ethyl acetate: Propanol (4:1) 
Propanol: Benzene (1:10) 
Propanol: Benzene (1:4) 
Propanol: Benzene (10:1) 
Propanol: Benzene (4:1) 
Propanol: Carbon tetrachloride (1:10) 
Propanol: Carbon tetrachloride (1:4) 
Propanol: Carbon tetrachloride (10:1) 
Propanol: Carbon tetrachloride (4:1) 
Propanol: Chloroform (1:10) 
Propanol: Chloroform (1:4) 
Propanol: Chloroform (10:1) 
Propanol: Chloroform (4:1) 
0.6 
1 
1 
0.9 
1.0 
0.8 
1.0 
1 
1 
1 
1 
1 
1 
1 
0.9 
1 
1 
1 
0.8 
0.8 
0.8 
1.0 
0.7 
1 
0.8 
1 
1 
1 
1 
0.9 
— 
0.7 
1 
1 
0.85 
0.8 
-
0.6 
0.6 
1 
1 
0.8 
0.8 
1 
1 
1 
m 
Table 3.3 Separation achieved on silica gel G in different solvents 
Compounds 
separated From 
S o l v e n t 
system 
Bavistin (0) 
Bavistin (0) 
Carbaryl 
(0-3.5 cm) 
0-Nitrophenol 
(0.8) 
0-Nitrophenol 
(0.4) 
0 -"Nitrophenol 
(0.9) 
Propoxur 
(0-1 cm) 
p-Chlorophenol(0. 35), 0-nitrophenol 
(0.8) and phenol (0.35) 
p-Chlorophenol (0.65), ^fnaphthol 
(0.45), 0-nitrophenol (0.9), phenol 
(0.35) and propoxur (4-8 cm) 
o-Nitrophenol (0.9) 
Carbaryl (0.45), carbofuran (0-2.5 cm) 
P 'chlorophenol (0-3.5 cm), |3-napthoxy-
acetic acid, phenol (0.35) and 
propoxur (0-5 cm) 
Bavistin (0), carbaryl (0-1 cm), 
carbofuran (0-1 cm), p-chlorophenol 
(0-2 cm), ^-naphthol (0.1), p-napth-
oxyacetic acid (0), phenol (0-1 cm) 
oxyacetic acid (0), phenol (0-1 cm) 
and propoxur (0-2 cm) 
Carbofuran (0-6 cm),c<-naphthol 
(0.45), B-napthoxyacetic acid 
(0-5 cm) and phenol (0.35) 
p-Chlorophenol (0.7) and phenol (0.8) 
Benzene 
Chloroform 
Chloroform 
Benzene 
Carbon 
tetrachloride 
Chloroform 
Distilled 
water 
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Table 3.4 Relationship of spot area and weight of corresponding 
coating material with carbaryl concentration. 
Amount of Area measurement method 
carbaryl „ 
pg J^a (ram ) S' C.V. 
Area weight method 
juw (mg) 6" C.V. 
50 
100 
150 
200 
29.922 
50.350 
74.806 
106.987 
2.427 
3.976 
6.269 
4.767 
8.111 
7.896 
8.380 
4.455 
5.750 
10.683 
16.716 
21.116 
1.083 18.834 
1.388 12.992 
1.798 10.756 
1.967 9.315 
/la and yiw values are mean of six observations. Abbreviations are: 
/ja = average value of spot area, ijw = average value of weight of 
iding coating material, 6^ = standard deviation and C.V.= correspondi
coefficient of variation. 
10 
Table 3.5 Quantitative separation of carbaryl from 
0-nltrophenol by area measuement and area weight 
methods. 
Carbaryl o-nltrophenol Carbaryl found (^ g) 
applied applied 
(ug) (/ig) Area measurement Area weight 
method method 
70 50 
106 100 
142 150 
208 210 
50 
100 
150 
200 
10 
10 
10 
10 
Rr: values of carbaryl and O-nltrophenol are 0.15 and 0.80 
respectively in benzene. 
Table 3.6 Estimation of carbaryl residue in fortified water 
samples. 
Carbaryl added Carbaryl removed (/ig) 
Area measurement method Areaweight method 
40 ND ND 
80 78 70 
120 126 106 
Abbreviation is: ND = Not detected. 
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CHAPTER 4 
SEQUENTIAL - THIN LAYER CHROMATOGRAPHY 
OF CARBARYL AND RELATED COMPOUNDS 
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INTRODUCTION: 
TLC is used for quantitative and qualitative analysis 
of wide variety of pesticides. It is particularly useful to 
herbicides containing carboxylic group because of their 
non-volatile and polar nature. In our previous 
publication (1), the behaviour of some herbicides on 
admixtures of silica gel G and calcium sulphate is 
described. It is shown that admixture, silica gel G; calcium 
sulphate (1:4 w/w) , is an excellent TLC material for the 
se|')aration of these compounds. Pandilkar at al.(2) developed 
a TLC procedure for the detection of carbaryl at trace level 
in biological fluids. Srivastava et al.(3) detected and 
separated several carbamates on layers of silica gel 
containing 1% zinc acetate. 
Sequential-thin layer chromatography (S-TLC) has more 
advantages than normal phase - thin-layer chromatography 
(NP-TLC). When a mixture contains compounds that differ 
considerably in polarity, a single development vnth one 
mobile phase may not provide the desired separation. If the 
plate is developed successively with different mobile phases 
that have different polarity or strength, separation will be 
possible. Rathore and Saxena (4) performed S-TLC of 2,4-D and 
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related compounds on calcium sulphate layers in different 
solvents and used bromophenol blue as a detector. Abou-donia 
and Komeil(5) have claimed that S-TLC is a rapid and fast 
method for the analysis of complex mixtures. 
Therefore, in continuation to our previous work, now 
the sequential chromatographic behaviour of carbaryl and 
related compounds is studied. The separations achieved on 
silica gel G plates in common solvent are described in this 
paper. 
4.2 EXPERIMENTAL: 
4.2.1 Apparatus 
A Stahl apparatus with universal applicator 
(thickness of applied layers adjustable from 0.25-2.00 mm) 
glass plates (20 x 4 cm); glass jars (25 x 5 cm); hot air 
drier; temperature controlled electric oven (Tempo, India); 
spectrophotometer (Spectronic-20) ' centrifuge machine 
(Instrument Manufacturing Company, India); electric hot 
plate with magnetic stirrer (Sunvic, U.K.), variable volume, 
micropipette (Gilson, France) were used. 
4.2.2 Chemicals: 
Silica gel G (Merck, India), carbaryl 501 WP (Paushak 
Ltd., India); carbofuran 3% GR (Pesticides, India); propoxur 
] 
17c w/w (Bayer India Ltd.); bavistin 507. WP (BASF India Ltd.)_^ 
phenol LR; p-chlorophenol LR (BDH India); B-naphthoxyacetic 
acid PR (Sigma, U.S.A.); p-nitrobenzenediazoniumtetrafluoro-
boratc (Merck, India); potassium hydroxide LR (s.d.Fine 
CHEM, Pvt.Ltd.); sulphanilic acid; sodium nitrite (CDH, 
India) and sodium hydroxide (Qualigens, India) were used. 
All other reagents used were of analytical grade. 
The following solutions were used: Solutions (27=) of 
carbaryl, carbofuran, phenol and o^-naphthol in ethyl 
acetate; propoxur, bavistin, R-naphthoxyacetic acid, 
o-nitrophenol and p-chlorophenol in ethanol; 
p-nitrobenzenediazoniumtetrafluoroborate (0„1 g) in 100 ml 
of acetone; aqueous sodium nitrite (O.37o) and sodium 
hydroxide (167o), sulphanilic acid (0.27o) in 1:10 HCl and 
methanolic potassium hydroxide (17,). When 27o solution of 
pesticide was not possible to prepare, the saturated 
solution was used. 
4.2.3 Preparation of plates: 
A slurry containing silica gel G (25 g) and distilled 
wntor (65 ml) was applied to the glass plates with the help 
of an applicator to give the film thickness 0.5 mm. The 
plates were first allowed to dry at room temperature and 
then at 110° for 1 hr for activation. 
I l l 
4.2.4 Spotting of test solutions: 
Test solutions were applied on TLC plates with the 
help of a fine capillary or a variable volume micropipette. 
I'he solvent was removed by hot air drying, the plate was 
developed upto the lenght of 5 cm in first solvent, the 
plate was taken out from the jar, the solvent was removed 
and then the plate was again developed upto the length of 
10 cm in second solvent using ascending mode of development. 
4.2.5 Detection of pesticides: 
The carbamates, phenols and B-naphthoxyacetic acid 
were detected on TLC plates by the following procedure; 
potassium hydroxide solution was sprayed on TLC plates, the 
plates were dried, cooled and then p-nitrobenzenediazoniumt-
etrafluoroborate solution was sprayed. Orangish-brown spots 
were appeared on white background for all the compounds 
while carbofuran appeared as purple spot. 
4.2.6 Calculation of R,: values: 
For tailing spots, the front limit (Rl) and rear 
limit (RT) were measured while for compact spots_R^_ values 
were calculated by using the expression mentioned in 
chapter - 2. 
m 
4.2.7 Quantitative separations: 
For quantitatve separation of carbaryl the following 
method was applied: A known volume of standard pesticide 
solution was spotted on the plate with the help of a 
graduated micro-pipette, the solvent was removed, plates 
were developed and spots were located as above. The 
demarcated area of the plate was scratched out, carbar.yl was 
extracted with methanol (5ml) and the solid was removed by 
centrifugation,Carbaryl in the centrifugate was determined. 
In 5 ml of centrifugate, 10 ml of distilled water, 
2 m] of sodium nitrite and 2 ml sulphanilic acid were added, 
then after 10 minutes 5 ml of 16% sodium hydroxide and 50 ml 
of distilled water were added. Pink colour appeared. Finally 
the absorbance was measured at 520 nm against a blank. The 
blank contains all the above components except carbaryl. 
4.3 RESULTS AND DISCUSSION: 
Plots of Rr values vs. dielectric constants of 
various solvents on slica gel G plates are depicted in 
figure 4.1. Rr: values by TLC and S-TLC in different solvent 
systems are given in figures 4.2-4'6. Separations achieved 
are recorded in t^ble 4.1. Table 4.2 summarizes S-TLC 
separations of carbaryl from other pesticides. In S-TLC, the 
first solvent that was allowed to ascend from 0-5 cm is 
listed first and the second solvent which was allowed to 
ascend from 0-10 cm is listed second. 
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Figure 4.1 shows that there is no definite 
correlation between Rr: values and dielectric constants of 
the developers. However R^ values are higher in 1,4-
dioxane than those in carbon tetrachloride. The R^r values 
increase with dielectric constant in benzene 
chloroform and ethyl acetate. It shows that bavistin can 
be separated from carbaryl, carbofuran, phenols etc. in 
chloroform and benzene. 
Figures 4.2 - 4.6 show that there is a 
appreciable difference in R^ values on NP-TLC and S-TLC. For 
example, R^ values of B-naphthoxyacetic acid are 1 and 0 
in 1,4-dioxane and carbon tetrachloride respectively; 0.45 
and 1 In 1,4-dioxane followed by carbon tetrachloride and 
in carbon tetrachloride followed by 1,4-dioxane 
respectively. Thus S-TLC can be used for the separation 
which are not possible by NP-TLC. The results given in 
Tables 4.1 and 4.2 support the above conclusion i.e. 
various separations are possible by S-TLC. 
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CHAPTER 5 
A COMPARATIVE STUDY OF SPECTROPHOTOMETRIC 
METHODS USED FOR DETERMINING CARBARYL IN 
DUST FORMULATONS. 
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INTRODUC'lION: 
Carbamate pesticides such as aldicarb, carbaryl, 
cnrlK)ruran etc. are more soluble in water than chlorine and 
phosphorus containing pesticides. They are rapidly excreted 
when they are ingested and they normally do not accumulate 
in tissues. They are finding vjidespread use as commercial 
pesticides because of their broad spectrum of activity and 
high effectiveness. Amongst carbamates carbaryl 
(N-Naphthyl-N-methyl carbamate) is a contact insecticide 
having good residual properties, slight systemic activity 
and low oral toxicity (oral LD^^, female rat, 500 mg/kg and 
male rat 850 mg/kg). It is a colourless crystalline compound 
of M.P. 142° and density 1.232 at 20°. It decomposes on 
distillation. It hydrolyses in alkaline media and it is 
fairly stable in neutral and weakly acidic conditions. 
Several formulations of carbaryl such as wettable 
powderes, bait, dust, oil suspensions, molasses dispersion, 
aqueous dispersion, granules, flowable and emulsifiable 
concentrates and its mixed formulation such as carbaryl with 
quintozene, rotenone, propanil, tetradifon and dioxathion 
are used for insect control in apples, brassicas, lettuce, 
peas, pears,grapes,tomatoes,cucumbers., raspberries, strawberries 
sugar beet seedlings and ornamentals. These formulations 
deteriorate on storage as they continuously decompose due to 
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poor conditions of storage in our country. Therefore, the 
available carbaryl should be determined before the 
formulation is used for plant protection. 
Several methods using different procedures have 
been used for determining carbaryl in formulations and its 
residues in different samples. Ammonium metavanadate in 
concentrated hydrochloric acid and alkaline potassium 
hexacyanoferrate (III) have been used for the specific 
detection of carbaryl at trace level (1 /ug) in biological 
fluids (1). Gas chromatography (GO (2) is the primary 
method for pesticides residues analysis. It is not very 
useful in analysing carbaryl as such because carbaryl 
decomposes during GO operation. However GC has been used to 
determine carbaryl after hydrolysing it to naphthol and 
then acetylation and bromination using electron capture 
detection. High performance liquid chromatography (HPLC) is 
simple and more rapid than GC. Sharma et al (3) have 
determined carbaryl and baygon in the blood, lung and liver 
by using HPLC. Thin layer chromatography (TLC) and over 
pressurized thin layer chromatography (OP-TLC) coupled with 
densitometry have been used for the detection, separation 
and determination of carbaryl (4). It can be determined by 
IR spectrophotometry at 5.75 /Um and UV spectrophotometry at 
28U nra (5). These methods are very sensitive but., due to 
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lack of their specificity only a purified sample of carbaryl 
can be determined. The enzyme inhibition and immunoassay 
methods have been found to be most sensitive. However, these 
are costly and a laboratory with modern facilities is 
needed. Spectrophotometry in visible range has been found to 
be an excellent tool for the routine analysis of carbaryl as 
it is inexpensive, sensitive, selective, rapid as well as 
unmistakable. The following procedures have been used for 
determining carbaryl in environmental samples; (1) 
extraction, hydrolysis to give °(-naphthol, coupling of the-
latter with p-nitrobenzenenediazoniumtetrafluoroborate and 
then its spectrophotometric determination at 590 nm in 
alkaline medium (6), (11) alkaline hydrolysis of carbaryl to 
give o(-naphthol, coupling of the latter with diazotised 
o-toluidine and then its spectrophotometric determination at 
520 nm (7), (111) alkaline hydrolysis of carbaryl to give 
o{ -naphtliol, coupling of the latter with 
p-nitrobenzenediazoniumtetrafluoroborate and then its 
spectrophotometric determination at 480 nm in acidic medium 
(8), (iv) coupling of carbaryl with diazotized sulphanilic 
acid (9) and then its spectrophotometric determination at 
520 nm and, (v) coupling of carbaryl with diazotized 
sulphanilifflide (10) and then its spectrophotometric 
determination at 520 nm. 
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Therefore, it was decided to test these 
spectrophotometric methods for the estimation of carbaryl in 
dust formulation of lower standard marketed in developing 
countries. The results obtained are discussed in this paper. 
5.2 EXPERIMENTAL: 
5.2.1 Apparatus: 
Bausch & Lomb Spectronic-20 Ultraspec Model CL-54 
(Elico, India) and spectra scan 2800 (CIBA CORNING^ Japan) 
spectrophotometers were used, 
5.2.2 Reagents and Chemicals: 
Carbaryl (97.31, union carbide, U.K.), carbaryl 
dust (507o and 5-107o w/w Paushak Ltd. India); sulphanilic 
acid (AR, CDH, India); p-nitrobenzenediazoniumtetrafluorobo-
rate (AR, MERCK, Germany); o<-naphthol (AR, CDH, India); 
B-naphthol (AR, CDH, India) and methanol (LR, Qualigens, 
India) were used. All other chemicals used were of 
analytical grade. 
5.2.3 Preparation of solutions: 
Methanolic solutions of ^(-naphthol, B-naphthol, 
carbaryl and sodium hydroxide (0.47o) were used . Sodium 
nitrite (O.37o) and sodium hydroxide (167o) were dissolved in 
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distilled water. Sulphanilic acid [Q.TD was dissolved in 
diluted hydrochloric acid (1:10) p-nitrobenzenediazoniumtet-
rafluoroborate (0.57o) was dissolved in acetone. Carbaryl and 
its dust formulations were dissolved by the following 
procedure: 
Carbaryl (50 rag, pure) was dissolved in 50 ml of 
methanol in a standard flask. Carbaryl dust (500 mg of 501 
w/wl was agitated with 10 ml of methanol, filtered and the 
filtrate was made upto 50 ml with methanol in a standard 
flask. This solution (0.1 ml) was diluted to 10 ml with 
methanol in a standard flask. Similarly carbaryl dust (500 
mg of 5-107o w/w) was agitated with 10 ml of methanol, 
filtered and the filtrate was made upto 50 ml with methanol 
in a standard flask 1 ml of this solution was diluted to 10 
ml with methanol in a standard flask and then it was used 
for the spectrophotometric determination. 
5.2.4 Spectrophotometric Determination: 
(a) Sulphanilic acid method: 
Known volumes of standard carbaryl (50-200/ug) or 
o(-naphthol (20-100 Ajg) or B-naphthol (40-llO^g) solutions 
were taken in microbeakers and then heated to remove the 
solvent. Ihe residue was dissolved in 10 ml of distilled 
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water and transferred into a 50 ml standard flask sodium 
hydroxide (2 ml of 0.37o) and sulphanilic acid solutions were 
added to it and finally the volume was made upto the mark 
uith distilled water. After through mixing the absorbance was 
recorded at 510 nm against the blank. The blank contains all 
the above solutions except ^-naphthol, B-naphthol and 
carbaryl. The spectra v;ere plotted to find out theAmax and 
calibration curves were drawn to determine the concentration 
of carbaryl in dust formulations. 
(b) p-NitrobenzenediazoniumtetrafluoToborate (p-NBDTFB) 
method: 
Known volumes of standard carbaryl (50-140'/lig) or 
o<-naphthol (10-100/ag) or B-naphthol (50-140/ig) solutions 
were taken in microbeakers and then heated to remove the 
solvents. The residue was dissolved in 1 ml of methanolic 
sodium hydroxide (0.47o) and transferred to a 50 ml standard 
flask. Glacial acetic acid (9 ml) and p-NBDTFB (1 ml of 
0.57o) were added to it and finally the solution was made 
upto the mark with distilled water. After thorough mixing, 
the absorbance was recorded at 480 nm against a blank 
containing all above reagents except carbaryl, °(-naphthol 
or B-naphthol respectively. The spectra were plotted to 
measure the Amax and the calibration curves were drawn to 
determine the concentration of carbaryl in the dust 
formulations. 
13 
(c) Ultraviolet method: 
Known volumes of standard carbaryl (2-44 yug) or 
cK,-naphthol (2-10/ig) or B-naphthol (2-lO^g) solutions were 
taken, their absorbance was recorded at 280 nm against a 
blank containing ethanol. The spectra were plotted to 
measure the Xmax and the calibration curves were drawn to 
determine the concentration of carbaryl in the dust 
formulations-
5.2.5 Computation of analytical data: 
The following expression was used to calculate the 
analytical parameters of the spectrophotometric methods 
under study. 
2 2 2 6 = (x-|^ 7u) + ixyya) + (xn^u) + 
N-1 
Where/U = x. + x„ + x^ + 
N 
C.V. = 6"x 100 
where 6^  = standard deviation 
yu = average value 
N = Total number of observations 
C.V. = coefficient of variation 
X x^, x„ =Different observations 
In this study N is 4. 
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5.3 RESULTS AND DISCUSSION: 
Table 5.1 shows that the sensitivity for carbaryl 
of the methods under study is in the following order: (c) 
ultra-violet method > (b) p-Nitrobenzenediazoniumtetrafluor-
oborate method > (a) sulphanilic acid method while there is 
a reversal in their selectivity (a) > (b) > (c). Method (a) 
can be used to determine 50 to 200 /Ug of carbaryl with 
coefficient of variation of 0.06 to 8.33; 10 to 100/ug of 
fX~naphthol with coefficient of variation of 0 to 22.2 and 
40 to 110/Ug of B-naphthol with coefficient of variation of 
0-35.13. It is more sensitive for »<-naphthol than for 
B-naphthol and carbaryl method (b) can be used to determine 
50 to 140 Aig of carbaryl with coefficient of variation of 0 
to 7.62; 10 to 100/Ug of p<-naphthol with coefficient of 
variation of 0 to 20 and 50 to 140 ^-ug of B-naphthol with 
coefficient of variation of 2.22 to 10. It is also more 
sensitive for K-naphthol than for B-naphthol and carbaryl. 
However it also has lowest value of coefficient of variation 
for carbaryl than that for B-naphthol and '^^naphthol. Method 
(c) can be used to determine 2 to 14/ug of carbaryl with 
coefficient of variation of 5.83 to 16.13, 2 to 10 /Ug of 
p<-naphthol with coefficient of variation of 3.88 to 23 and 2-10/ig of 
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B-naphthol with coefficient of variation of 1.38 to 7.2. It 
is also more sensitive for V-naphthol than for B-naphthol 
and carbaryl. However it has lowest value of coefficient of 
variation for B-naphthol than that for carbaryl and 
p(-naphthol. 
Table 5.2 shovjs that method (c) gives maximum 
percentage of error (48%) while method (b) gives lowest 
percentage of error (20%) for the determination of carbaryl 
in dust formulations. These results show that for the 
routine analysis of carbaryl in formulations methods (a) and 
(b) are fairly good. They can also be used for the 
determination of carbaryl residues in environmental samples. 
Method (c) is an ultrasensitive method for the 
semiquantitative determination of carbaryl. These results 
also show that the dust formulations available in the market 
are good as they contain the proper concentration of 
carbaryl i.e. the concentration reported on the label of 
"the container. 
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Table 5.1 : Analytical parameters of different 
spectrophotometric methods under study. 
Compound 
Carbaryl 
c{-naphthol 
B-naphthoL 
Method 
used 
(a) 
(b) 
(c) 
(a) 
(b) 
(c) 
(a) 
(b) 
(c) 
Amax 
(nm) 
510 
460 
280 
510 
470 
290 
450 
480 
270 
Molar 
absorptivity 
(litre/cm/mol) 
2.835 X 
3.661 X 
5.628 X 
1.933 X 
1.522 X 
6.525 X 
2.416 X 
1.381 X 
lo"^  
10^ 
10^ 
10^ 
10^ 
lo"^  
lo"^  
lo"^  
6.38 X 10^ 
Working range 
50-200 
50-140 
2-14 
20-100 
10-100 
2-10 
40-110 
50-140 
2-10 
(i\) - clLazotizaLlon ol sulphaiiilic acid method. 
(b) - p-Nitrobenzenediazoniumtetrafluoroborate method. 
(c) - ultra-violet method. 
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Table 5.2 AiiaiyLical parameters of spectrophotometric 
determination of carbarylin dust formulations 
Formulation 
(7o carbaryl) Method used Amount taken Amount found 7„ error 
50 (a) 
5-10 
50 
5-10 
50 
5-10 
(a) 
(b) 
(b) 
(c) 
(c) 
30 
50 
60 
80 
30 
50 
60 
75 
50 
75 
50 
75 
5.0 
7.5 
10 
2.5 
5.0 
7.5 
10 
20 
60 
68 
96 
20 
58 
68 
82 
60 
80 
50 
7 5 
7. A 
10.3 
13.9 
3.3 
7.4 
10.3 
14.2 
-33.3 
20 
13.3 
20 
-13.0 
16 
13.2 
9.1 
20 
6.6 
0.0 
0.0 
48 
37.3 
39 
32.0 
48.0 
37.0 
42.0 
(a), (b) and (c) are defined in table 5.1 
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CHAPTER 6 
SPOT TESTS FOR USE IN PESTICIDE ANALYSIS: DROP SPOT 
TEST FOR THE DETECTION OF CARBARYL IN ENVIRONMENTAL SAMPLES 
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INTRODUC'I ION: 
Spot tests play a very important role in 
preliminary analysis of a test material. Therefore different 
characteristics of materials have been utilized in order to 
bring the specificity, selectivity and sensitivity of a 
particular test to a maximum. Different spot tests such as 
solubility test, colour test, pyrolysis test, fuming off 
test, fusion test, sinter test etc. are described in 
Feigel's book (1). Some of the pertinent spot test used in 
pollutant analysis are the foJlo^ 7^ing: 
I'yrolysis I'ests (2) have been applied to aromatic 
compounds containing oxygen. For example if phenolic 
compounds are strongly dry heated in a micro-test tube, 
phenol is split off that can be detected at the mouth of the 
test tube with a filter paper impregnated with saturated 
benzene solution of 2,6-dichloro-quinone-4-chloroamine. In 
most cases, the quasi dry distillation produces heavy 
vapours and it usually requires several minutes. 
Fuming off Tests (3) have been applied to 
non-volatile. organic compounds such as aromatic 
hydrocarbons, phenols, aromatic amines, cyclic nitrogen 
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bases etc. These compounds undergo nitration, oxidation, 
deamination and oxidative cleavage on heating with 
concentrated nitric acid. 
Fusion Test (4) with benzoin can be applied for 
compounds which undergo pyrohydrogenolysis. Fused benzoin is 
a very strong hydrogen donor and it brings about the 
cleavage of certain organic compounds producing volatile 
acidic hydrogen compounds or bases which can be detected in 
the gas phase by suitable reagent paper at the mouth of the 
test tube. 
Sinter Test (5) with mercuric cyanide has been 
applied to compounds with occult acid groups. In this test 
hydrogen cyanide is produced at 160° and it can be detected 
with filter paper moistened with cyanide reagent at the 
mouth of the test tube. The time required is 3 min in most 
of the cases. Mucic acid can also be detected by melting or 
sintering it along with urea or better biuret at 170° or 
180°. The pyrrole which results in the pyrolysis can be 
sensitively detected in the gas phase with a filter paper 
with trichloroacetic acid and p-dimethylamiobenzaldehyde 
solution in benzene. 
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In Solid-state Capillary Spot Test (6) the 
characteristics such as nature and intensity of colour, 
length and direction of movement of the boundry formed are 
used as signals for detection while the nature and intensity 
of colour is the only signal available in solution. Hence it 
is clear that length and direction of movement of coloured 
boundry are additional signals available in capillary spot 
test. However, the solid-state capillary spot tests can be 
applied for solids only and it takes relatively more time. 
Pressure Capillary Spot Test (7), in recent years 
gas-liquid chromatography has revolucionized the area of 
analysis. It has been successfully used for analysing many 
complex organic mixtures with high sensitivity and 
specificity in minimum possible time. The principal of gas 
liquid chromatography suggests that ±he detection in the gas 
phase can be made prompt,sensitive and selective by the use of 
suction pump and capillary detector. Rathore et al. have 
developed a new, simple, sensitive and selective technique, 
pressure capillary spot test, for the detection and 
determination of pollutants containing amino, carbonyl, 
carboxylic or phenolic groups. The pressure has been reduced 
with the help of a suction pump and a capillary (3 mm id) 
containing cotton plug (1 cm) impregnated with 
p-dimethylaminobenzaldehyde (1%) and trichloroacetic acid 
40 
(17c,) in benzene has been used as detector for the 
semiquantitative determination of plant growth regulators 
such as indole-3-acetic acid in wheat shoots. This technique 
has been found to be very useful for on field detection of 
volatile pollutants. 
A simple, inexpensive and sensitive spot test has 
been developed (8) for the detection of trace levels of 
organophosphorus insecticides such as malathion, formathion, 
thiometon, dichlorvos, methyl parathion, dimethoate and 
phosphomedon in water, soil (fertile and non-fertile) and in 
the leaves of "citurs media" (common lemon plant). A 
capillary containing cotton plug impregnated with 
p-dimethylaminobenzaldehyde (107o) and trichloroacetic acid 
(207o) in benzene was used as a detector. A vaccum pump was 
used to facilitate the evaporation of the test material as 
well as a carrier of the test material to the reagent plug. 
The colour formation on the plug inside the capillary is 
based on the reaction of pyrrole vapours with 
p-dimethylaminobenzaldehyde in acidic medium. It is known 
that when alkyl esters are heated with zinc dust and 
ammonium chloride, they give pyrrole. 
A paper Spot Test (9) for the detection and 
semi-quantitative determination of carbaryl present in 
natural v;ater at ppm level has been developed by Rathore and 
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Saxena. In this test a chromatographic paper impregnated 
with sodium hydroxide when spotted with a carbaryl solution 
and dipped in 2,6-dichloroquinone-4-chloromine (Gibbs 
reagent) in benzene turns blue with a violet tinge. The 
colour formation is based upon the hydrolysis of carbaryl to 
give c( -naphthol which reacts with 
2,6-dichloroquinone-4-chloroimine to produce indophenol that 
turns blue with a violet tinge in alkaline medium. The 
intensity of colour so developed on the paper strip was 
quantitated by densitometer. 
A sensitive and selective novel technique, vacuum 
spot test (10), has been developed for the detection and 
semi-quantitative determination of phenoxy herbicides. The 
herbicide was heated in the presence of hydrated zinc sulphate 
to split off formaldehyde. The pressure was reduced in order 
to bubble the formaldehyde vapours into the reagent (one or 
two tiny crystals of chromotropic acid sodium salt in 0.20 
ml of concentrated sulphuric acid). It is probable that 
phenolic chromotropic acid condenses with formaldehyde 
followed by oxidation to a p-quinonoidal cpmpound of violet 
colour. This technique has been used successfully, for the 
detection of traces of 2,4-D acid, 2,4-D ethyl ester and 
2,4-D sodium salt in formulations, leaves, soil and water. 
w. 
TLC Spot Test (11) or carbaryl and its hydrolyses 
product, o(-napthol are described by Padalikar etal. 
Carbaryl was spotted on the plate, which was then developed 
in a previously saturated TLC chamber using hexane-acetone 
(4:1) as solvent upto a height of 10 cm. The plate was 
removed from the chamber, dried in air and sprayed with 1% 
copper (II) chloride solution followed by 0.17o ammonium 
metavanadate reagent. A violet spot was observed on the TLC 
plate- with an R^ value of 0.45 other organophosphorus 
compounds such as malathion, parathion, dimethoate, 
surnithion and ekalux and the organochloro insecticides such 
as endrin, DDT, gammaxene and endosulfan gave no reaction 
with this reagent and hence did not interfere. However, 
•^ -^naphthol, a breakdown product of carbaryl, gives a 
similar reaction with the reagent to yield a product having 
R^ value of 0.54 (sensitivity, l/ig) . It was observed- that 
commercial carbaryl gave two spots with R^ value of 0.45 and 
0.54 demostrating that the commercial product sometimes 
contains the hydrolysis product, *^-naphthol. 
The above metioned colour reaction is 10 times 
sensitive for naphthol (1 /Ug) than carbaryl (10 /ug). An 
alkaline hexacyanoferrate (III) solution as an alternative 
reagent in place of ammonium metavanadate was found to be 
possessing equally high sensitivity for both carbaryl and 
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c^-naphthol. It gave distinct violet spots (R^ values 0.45 
and 0.54 respectively) (sensitivity 1 ng). This reagent does 
not react with baygon and carbofuran but does react with 
their hydrolysis product catechol. 
A simple and inexpensive solution spot test (12) 
for the detection of organic pollutants present in water has 
been reported by Qureshi et al. Citric acid impregated paper 
in the prensence of acetic anhydride has been used as the 
reagent. The limit of detection for the pesticide: amitrol, 
azobenzene, bavistin and calixin is 0.04, 40, 2 and 3.2 /jg 
respectively and for toxicants I 2,4-lutidine, 2,6-lutidine, 
nicotiniic acid, B-picoline and quinoline is 4, 100, 0.04, 
0.4 and 100/ug respectively. The test has been successfully 
applied in acidic, basic and saline waters. 
A fluoresence spot test (13) for the detection of 
trichloroacetic acid (TCA) in evironmental samples has been 
reported by Rathore et.al. It is based on the formation of 
yellow-greenish fluorescent salicyldazine under UV light. 
The ethanolic test solution (0.1 ml) was mixed with sodium 
hydroxide solution (2-3 drops) and phenol solution in a 
micro test tube. The mixture was heated at 100° in water 
bath for 2 min, then cooled and one drop of the reagent was 
added to it* The mixture was neutralized Vi7ith acetic acid 
and tlien shaken with diethyl ether (0.5 ml). The ethereal 
layer was spotted on a strip of filter paper, dried and 
exposed to UV light of 366 nm. A greenish-yellow strain on a 
purple background indicated the presence of TCA. The test can 
be successfully applied for the detection of traces of TCA 
(30-50 yug/0.1 ml) in soil and water. It can be used to 
detect TCA at ppm level in water by coupling with a suitable 
preconcetration method (extraction etc.), 
A simple ezymatic method (14) is described for TLC 
detection and determination of fenitrothion as fenitrooxan 
in water vjith pig liver acetone powder as enzyme source. 
This method can be used for the detection at ng level and 
for the estimation in the range of 5-50 ng of fenitrothion. 
Different concentrations of pesticide solution were 
spotted on a dried TLC plate, oxidized by exposing to bromine 
vapours, excess bromine was removed, developed in 
acetone-hexane (1:9) solvent was removed and then the"plate 
was sprayed with the pig liver acetone powder suspension. 
The plate was kept in a moist atmosphere for 10 min and then 
it was sprayed with c^-naphthyl acetate solution in acetone. 
The plate was replaced in the moist atmosphere for 2 min, 
then sprayed with p-nitrobenzenediazoniumtetrafluoroborate in 
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acetone. The white spots that appeared on the orange-red 
background confirm the presence of fenitrothion. 
Ion exchange resin spot tests (15) have been used for 
the detection and determination of organic functional 
groups. Qureshi et al. have reported a new test for the 
detection of aliphatic and aromatic aldehydes using 
ion-exchange resin beads as detection medium. For this 
purpose, about 5-10 ion-exchange beads in H form were 
treated with 1 drop (0.05 ml) of the test solution, 4 drpps 
of a saturated mixture of hydrogen cynide and sodium cynide 
solution and one drop of concentrated sulphuric acid. The 
contents were heated to boiling using a low flame. The resin 
beads were washed with demineralized water and dried by 
blotting with a filter paper. A reddish pink colour is 
developed at once on the head surface on adding Nessler's 
reagent if the test solution contains aldehyde. The test can 
be used to detect aldehyde at ng level (9-45 ng). 
Drop spot test now has been developed for the 
detection and estimation of carbaryl in environmental 
samples such as soil, water, sediments grains etc. The 
results obtained are described in this paper. 
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6.2 EXPERIMENTAL: 
6.2.1 Apparatus 
Micro test tube (4 x 1.5 cm); glass droppers 
(14x0.5 cm with 2 x 0.2 cm nozzle); graduated micro 
pipetts • vaccustier pump (Atlantis, India); heating block; 
electric oven (Tempo, India); pH meter (Elico, India) and 
conductivity bridge (Elico, India) were used. Selves 
(Malhotra Brothers, New Delhi) of mesh size 
18,25,35,45,60,80,120,170 and 230 were used. 
6.2.2 Chemicals: 
Carbaryl (5-107o dust) (Union Carbide, India); 
«<-naphthol; B-naphthol; sulphanilic acid; sodium nitrite; 
potassium hexacyanoferrate (III) and sodium hydroxide (CDH 
India); hydrochloric acid (E.MERCK India) and 8-hydroxy 
quinoline (BDH England) were used. All the reagents and the 
insecticides used were of analytical grade and technical 
grade respectively. 
6.2.3 Preparation of solution: 
Stock solution (IZ) of o(-naphthol and B-naphthol 
were prepared in ethanol. These solutions were diluted to the 
required concentration (O.IZ to O.OOII) by adding ethanol. 
Sodium hydroxide ("0.5% and 16%), sodium nitrite (0.3%) and 
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potassium hexacyanof errate (III) (0.57o) were dissolved in 
distilled water. Solutions of sulphanilic acid (0.2%) and 
8-hydroxyquinoline (1%) were prepared in 1:10 hydrochloric 
acid and concentrated sulphuric acid respectively. An 
alkaline solution of the reagent was prepared by mixing 
equal volumes of the above mentioned solutions of sodium 
hydroxide (0.57o) and potassium hexacyanof errate (III). In 
order to prepare carbaryl solution, carbaryl dust (6.66 g of 
5-10?o w/w) was agitated with 10 ml of ethanol for 10 min, 
the suspension so obtained was filtered and the filtrate was 
made upto 50 ml with ethanol in a standard flask. 
6.2.4 Sediment and Soil sampling: 
Sediment samples were collected from Ganga river 
bank at Narora. Five samples from different depths upto 80 
cm of Ganga were collected and packed in polythene bags. 
Samples nos. 8 - 1 0 V/ere collected parallel to the 
flow of river while sample nos. 11 and 12 were collected 
perpendicular to the flow of river. 
All the samples were spread over a filter paper 
sheet to remove water and then they were dried at room 
temperature. 
The samples of soil (nos. 1 and 2) were collected 
from two places of Aligarh district viz. university farm and 
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a private farm of village Sathiya, block Sasni. Sampling was 
done during the month of April. Small portions of the soil 
were collected from desired depth (0-15 cm) with- Khurpi 
from 10-15 \<jell distributed spots after scrapping of the 
surface. A V shaped cut (upto the plough layer) was made and 
a uniformly 1.5 cm thick slice was taken out. The soil 
collected in this manner was throughly mixed on a polythene 
sheet on concrete floor and bulk was reduced by quartering 
and about 500 g of composite sample was retained. The soil 
was quickly air dried in shade at room temperature and put 
in polythene bag with suitable description and 
identification marks by tagging. 
Samples of wheat, barley, gram and mustard (nos 
3-6) were purchased from the market in the month of April. The 
dust sample (no 7) was collected from the roof of the double 
storied house situated in Aligarh city at centre point. 
6.2.5 Determination of Physical Properties: 
6.2.5.1 Size of sediments: 
Sediments samples (50 g) were dried at 100° and 
seived to obtain fractions of different mesh size. The 
selves were arranged one over the other in order to collect 
the portions of different sizes (table 6.1). The samples so 
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obtained were stored in polythene bags for use in 
experimental work. 
6.2.5.2 pH of soil and sediments: 
A sediment sample (5 g) was dried at 120°, Cooled 
at room temperature (25°) agitated with 50 ml of distilled 
water and then the pH of this slurry was recorded (table 6.2) 
6.2.5.3 Moisture of sediment: 
The sediment sample (1 g) was weighed in a petri 
dish and dried in an oven at 105°-110° for 1 hr. After 
cooling in desiccator for half an hour the sample was 
weighed again and the percent moisture was calculated 
(Table 6.2). 
6.2.5.4 Conductivity of sediments and soils: 
The sediment sample (5 g) was dried at 120°, cooled 
at room temperature (25°), agitated with 50 ml of distilled 
water and the conductance of this slurry was measured. The 
observed conductance and specific conductance are 
calculated (Table 6.2). 
6.2.6 Drop-Spot Test: 
The test solution (0.1 ml) was taken in a micro 
test tube and the drop detector was fixed at its mouth with 
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the help of a rubber stopper (Figure 6.1). The contents of 
the test tube were heated at 285° for 5 min and the change 
in colour of the detector was noted. 
The following detectors were used: 
6.2.6.1 The dropper was dipped in a reagent containing equal volumes 
of sulphanilic acid, sodium nitrite and sodium hydroxide 
solutions. The dropper containing 2 drops (0.03 ml) of the 
reagent was used as the detector. The reagent of this 
detector turns pink if carbaryl is present in the test 
solution. 
6.2.6.2 The solution of 8-hydroxy quinoline in concentrated 
sulphuric acid vjas taken in the dropper as mentioned above and then it 
was used as a detector. The reagent turns brown if carbaryl 
is present in the test solution. 
6.2.6.3 Potassium hexacyanoferrate (111) reagent was taken in the 
dropper as above and then it was used as the detector. The 
reagent turns violet if carbaryl is present in the test 
solution. 
6.2.6.4 A cotton plug (1 cm long) was fixed in the dropper. The 
cotton plug was impregnated with a solution containing equal 
volumes of sulphanilic acid, sodium hydroxide and sodium 
nitrite solutions and then it was used as a detector. The 
detector was fixed in the test tube containing test solution 
with the help of rubber stopper. The test tube was heated at 
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285° and the contents of the test material were passed 
through the detector with the help of a vaccustier pump. 
6.2.6.5 A piece of filter paper impregnated with sulphanilic acid: 
sodium hydroxide: sodium nitrite solutions (1:1:1) was 
inserted into the dropper and then it was used as a 
detector. The detector was fixed in the test tube containing 
test, solution. The test tube was heated at 285° and the 
contents of the test solution were passed through the 
detector for 2 min. If the filter paper turns pink, 
o<-naphthol is present. 
6.2.6.6 A small portion of a solid adsorbent such as silica gel G, 
alumina acidic, alumina neutral, cellulose and calcium 
carbonate was filled in the dropper using the cotton plug 
support. The adsorbent was wetted with sulphanilic acid: 
sodium hydroxide: sodium nitrite (1:1:1) solutions and then 
it was used as detector for K-naphthol by using" the above 
mentioned procedure. 
The above mentioned tests were also applied for the 
detection of carbaryl by using the same procedure. The drop 
spot-tests 6.2.6.1, 6.2.6.2 and 6.2.6.3 were performed at 
different temperatures (50-300°). The results obtained are 
given in table 6.3. 
The lower limit of detection of the test was 
determined by taking a fixed volume of the standard 
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solutions of different concentrations (1,0.1,0.01,0.001, 
0.00017= etc.) of the test material in the test tube. The 
results obtained are recorded in tables 6.4 - 6.7. 
6.2.7 Detection of Carbaryl in Environmental Samples: 
6.2.7.1 Detection in soils: A soil sample (5 g) was taken in a 25 ml 
beaker, 2.5 ml solution of carbaryl (0.1%) and 1 ml of 
ethanol were added into it. After proper mixing the slurry 
was dried at room temperature (25°) for 24 hr and then this 
treated soil was stored in a stoppered bottle. A small 
portion (0.2 g) of the treated soil was taken in the test 
tube for testing the presence of carbaryl. The lower limit 
of detection was determined by mixing 0.2 g of the treated 
soil with different amounts of fresh or untreated soil and 
then by taking 0.2 g of this blended soil in the test tube 
for performing the test. The results obtained are given in 
table 6.8. 
6.2.7.2 Detection in sediments: Five samples of sediments were 
treated with 2.5 ml of carbaryl solution (0.1%) and 1 ml of 
ethanol5 the slurry was mixed, dried and then carbryl was 
detected by the above mentioned procedure. The lower limit 
of detection of Carbaryl In blended samples of sediments was 
also (5 g) determined as above (Tables 6.9-6.11). 
6.2.7.3 Detection in Dust: The dust sample (5 g) was treated with 
carbaryl and then the later was detected by using the above 
mentioned methodology (Tables 6.12-6.14). 
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b.l.l.h Detection in Grains: The ^^^ins (5 g) were treated with 
2.5 ml of carbaryl and 1 ml of ethanol in a 25 ml beaker as 
mentioned above. The treated grains were kept at room 
temperature to evaporate the solvent. A small portion of the 
crushed grains (o.2 g) was taken in a micro test tube for 
testing the presence of carbaryl using the above mentioned 
methodology (Tables 6.12-6.14). 
6.3 RESULT AND DISCUSSION: 
Several spot tests for the detection of oC-naphthol 
and B-naphthol are described in the Feigl's book. The 
following three tests under study are also described in this 
book (1) Diazobenzene sulphonic acid (II) obtained by 
diazotizing sulphanilic acid (I) with nitrous acid in 
presence of hydrochloric acid couples instantly with 
f>{-naphthol and B-naphthol to produce acid or basic azo 
dyestuffs (Scheme 6.1). The lower limit of detection in 
solution is 2 Aig and 5 /ug for o(-naphthol and B-naphthol 
respectively. (2) A light yellow solution of 
5-nitroso-8-hydroquinoline (I) in concentrated sulphuric 
acid reacts with o^-naphthol and B-naphthol to produce green 
and dark green solutions. The oxime form (II) of the parent 
compound (I) reacts to give the coloured product (III) 
(Scheme 6.2). The lower limit of detection of the test for 
both o(-naphthol and B-naphthol is lyug. (3) An alkaline 
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hexacyanoferrate (III) solution (I) gives violet colour 
(III) (scheme 6.3) with carbaryl as well as o^-naphthol. 
This reagent does not react with baygon and carbofuran but 
does react with their hydrolysis product catechol. The lower 
limit of detection for carbaryl is lAig* 
The above tests were used for detecting the pure 
chemicals by using simple procedure i.e. mixing of reagent 
and test solution in a microtest tube. These test have not 
been used for the detection of carbaryl in environmental 
samples such as soil, sediments, water, air and vegetation 
so far. This simple procedure may fail for detecting the 
test materials in presence of foreign substances or matrices 
in which they are present due to the fact that the matrix 
substance may produce the same colour or may mask the colour 
produced by the test substance (carbaryl). Now the new 
procedure named as "Drop spot test" has been developed in 
order to utilize these old colour reactions in pesticide 
analysis in the environmental samples. The drop test 
involves two steps: (1) evaporation of test substance in the 
matrix or environmental sample and (2) reaction of the 
vapours with the reagent to produce colour. The second step 
is more or less the same as the solution detection. However, 
the first step is the additional step which is employed to 
separate or purify the test substance from the impurities or 
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matrix or enviromental samples. When the sample is gently 
heated with a small flame and the vapour mixed up with this 
reagent solution present just above the test substance in a 
dropper. The results discussed below show the novelty of the 
technique for pesticide residues analysis. The techique is 
so simple that it can be used for on field detection. 
Table 6.3 shows that intensity of the colour 
produced increases with temperature. The tests are highly 
sensitive in the temperature range 250-300°. Melting points 
and boiling points of carbaryl; o(-naphthol; and B-naphthol 
are 142° and decomposes on distillation; 96° and 280°; and 
122° and 286° respectively. Carbaryl is stable in neutral 
and weakly acidic conditions. It hydrolyses in alkaline 
media to give naphthol. Hence it seems that the 
decomposition product of carbaryl, naphthol evaporates at 
about 286°. Therefore, the reaction is sensitive at higher 
temperatures and the working temperature has been "Chosen as 
285°. The test under study is specific for carbaryl or 
naphthol at 285°. The following is the order of sensitivity 
of the reagets: 
(a) Sulphanilic acid> (b) 8-hydroxyquinoline > (c) potassium 
hexacyanoferrate (III). 
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As mentioned above carbaryl gives naphthol in 
alkaline medium the test was performed by heating the (i) 
carbaryl alone (ii) carbaryl in presence of sodium^hydroxide 
and (iii) carbaryl treated v;ith sodium hydroxide and then 
with sulphuric acid. Table 6.4 shows that the results are 
better under conditions (i) and (ii). Therefore the test was 
studied under condition (i) i.e. direct heating of the 
sample contining carbaryl. 
The lower limit of detection of the test using 
reagents (a) or (b) or (c) isl/as (Tables (3.5-6.7) which is 
either better or comparble to those reported in Feigl's 
book. It is also clear that reaction time of reagent (a) is 
shorter (2 min) than that of reagent (b) and (c) (5 min). It 
may be due to the high reactivity of sulphanilic acidjsodium 
nitrite ,sodium hydroxide with the fames of naphthol. The 
results sumarized in tables 6.8-6.14 show that the test can 
be successfully used for the detection of carbaryl in 
soils, sedimets, dust and grains. Reagent' (a) gives batter 
results than reagents (b) and (c) for the detection of 
carbaryl residues in soil, sediments and grains. However, 
there is a little variation in the limit of detection in different 
samples i.e. lower limit of detection for soil is 72 ppm 
while it is 100 ppm for soil 2. It may be due to the 
different composition of soil. However, detection of 
carbaryl in sediments is fairly good and it is independent 
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of the size and composition of the sediments (tables 
6.9-6.11). The lower limit of detection in grains is 83-125 
ppm which is higher than those in soils and sediments. It 
seems that the release of carbaryl or naphthol from the 
environmental samples depends on the presennce of organic 
matter. Carbaryl or naphthol can be released easily from the 
sample containing low percentage of organic matter 
(sediments) while it is difficult to expell carbaryl or 
naphthol from the samples rich in organic matter (soil 2 and 
grains) (Tables 6.12-6.14). 
T a b l e 6 . 1 : F r a c t i o n a t i o n of Sed iments 
S.No. Pa r t i c l e s ize Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 
(mm) (g) (g) (g) (g) (g) 
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1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
1.0 
0.71 
0.50 
0.35 
0.25 
0.177 
0.125 
0.088 
0.0625 
less than 
0.40 
0.030 
0.050 
0.300 
1.070 
24.650 
11.30 
4.200 
1.850 
0.0625 3.850 
0.150 
0.050 
2.220 
2.400 
3.300 
11.100 
6.400 
5.250 
3.100 
13.220 
0.050 
0.040 
0.250 
2.200 
3.500 
17.050 
11.600 
5.100 
2.300 
2.750 
0.600 
2.250 
0.850 
2.200 
4.250 
17.750 
10.050 
4.100 
1.850 
4.700 
0.150 
0.500. 
2.550 
2.150 
1.100 
6.800 
7.650 
8.600 
3.300 
11.650 
Table 6.2 : Physico-chemical propert ies of sediments and so i l 
Sample No. 
Sample 1 
Sample 2 
Sample 3 
Sample 4 
Sample 5 
Soil 1 
Soil 2 
pH 
8.9 
8.9 
9.0 
8.8 
8.9 
6.9 
6.7 
7„ moisture 
1.083 
1.901 
3.878 
0.418 
0.477 
-
-
O.C. 
(mhos) 
121 
126 
123 
123 
207 
171 
121 
Conductance 
L.S. 
(micromhos/cm) 
6.05 
6.3 
6.15 
6.15 
10.35 
8.55 
6.05 
O.C. = Observed c o d u c t a n c e . 
L . S . = S p e c i f i c c o n d u c t a n c e . 
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Table 6 . 5 : Detec t ion of ca rba ry l and o<-naphthol a t d i f f e r e n t 
concen t r a t i ons by drop spot t e s t us ing s u l p h a n i l i c 
acid a t 285° (hea t ing time 2 m i n . ) . 
Amount 
(/ug) Carbaryl «>C-naphthol 
1000 
100 
10 
J 
D Pink 
Pink 
L Pink 
L Fink 
D Pink 
D Pink 
D Pink 
D Pink 
Table 6.6: Detection of carbaryl and c<-naphthol at different 
concentration by drop spot test using 
8-hydroxyquinoline at 285° (heatingtime 5 min) 
Amount 
(/ug) Carbaryl o<rnaphthol 
1000 
100 
10 
1 
D Brown 
D Brown 
Brown 
L Brovjn 
D Brov;n 
Brown 
Brown 
Brown 
Table 6.7 : Detection of carbaryl and 'Y-naphthol at different 
concentration by drop spot test using potassium 
hexacyanoferrate (III) at 285° (heating time 5 min) 
Amount 
(/Ug) 
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